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Neighbourhood of London generally. 

By Joseph Pkestwich, F.R.S., F.G.S., &c. 

" A popular expoflition of the geology of the London neighbourhood, or, 
to state it more generally, of the Tertiary Series, exceedingly well done. 
Seldom or never hare we met with any geological statement, intended for an 
migeological audience, which is at once so lucid, consecutiye, and complete. 
No one can rise from a carefid perusal of theee Lectures without a Uiorough 
comprehension of what is meant by the succession of the Tertiary strata, a 
good general idea of the nature of their probable formation, and of the con- 
temporaneous aspect of the world around, and, what is perhaps yet more 
valuable, a clear notion of the amount and degree of evidence on wmch these 
reconslTuctiye theories rest Nothing tends more to the sound advance of 
popular, as well as sdentiflc geology, than careful local monographs of this 
Had."— The Guardian, August 4, 1858. 



THE AQUABXAN NATURALIST. 

A MAiriTAL FOB THE SEA-SIDE. 

By Professor T. Etusb Jones, F.R.S. 

Post 8vo, with numerous Coloured Figures on eight Plates. 

Price 18s. 

" The holiday-maker who intends to seek edification among the sea-cucum- 
bers, and to cultiyate acquaintance amonff the oldest inhabitants of Che shore 
of his watering place, whether Crabs or Jelly-flshes, Gasteropod Molluscs or 
compound Ascioians, will receive from none of the many pleasant books 
upon salt-water life, written for his especial use, so much help as from this 
yolume by Professor T. Bymer Jones. Of idl popular books upon the 
natural hutOTy of our shores, it is the most complete and the most scientific, 
while of scientific books it is the most popular. His former writings have 
shown how well Professor B^er Jones is able to think with the few and to 
speak vrith the many. A mce criticism would be dissatisfied occasionally 
with his flowers of speech and his quotations from the poets, but the general 
reader is more tiian content when he reoeiyes exact science from a foremost 
naturalist who is desperately resoWed not to be duU, and who is not dull, but 
whose only fault is, that he does not trust sufficiently to his own power of 
making the details of science themselyes entertaimng. This power Mr. 
Bymer Jones habitually exercises by his freedom from pedantry, his clear- 
ness of expression, and that pleasant way of apprehending facts in nature 
which is a part of the constitution of his own mmd, and which eiyes life to 
his discussions oyer liying creatures." — Examinery August 21, 1858. 
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PREFAC 




It has been the intention of the Authors, iiK^m^a^>^0C|)ro6ent 
woiicy to prepare a complete Manual of Quafi tftU ^ C omical 
Analysis for the use of Laboratory Students, while it is hoped 
that more advanced experimenters also will find in it ample in- 
formation concerning the rarer subjects of research. In attempt- 
ing to accomplish this double purpose, care has been taken to 
avoid perplexing the beginner with the descriptions of the less 
common substances; with this intention, such descriptions are 
printed in small type. The present volume is not an account of 
general chemistry, nor does it contain descriptions of the apparatus 
employed, or of technical processes ; for information on these 
points, reference must be made to special treatises* : but it aims 
to be a complete and systematic Guide to Qualitative Analysis, 
and to repres^it the present condition of this department of che- 
mical science. 

To the following features of the present work the Authors 
would request the attention of Chemists, and of all those engaged 
in instructing pupils in Chemical Analysis : — 

1. In the First Part of the volume, at the end of each group 

* Mr. C. Greyille Wiltiams's admirable work will afford the student every 
infixinatioii cx)noeniing apparatus and manipulation, while Dr. Odling's 
forthcoming Manual will convey, on all points connected with theoretical 
and deacriptiye chemisiay, the most exact and trustworthy information, and 
also an able explanation of the grounds upon which the system of notation 
and equivalente adopted in the present work is based. 
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of dements or salts, concise Tables aie given, which show at a 
glance the most striking properties of the more common sub- 
stances, as well as their most characteristic reactions. 

2. The student is gradually accustomed to the use of chemical 
language, symbols, and formule, while, on the first mention of 
any new reaction, the equation representing it is clearly eiq>ressed, 
and the rationale of the process given. 

S. In describing the salts and reactions of the various add and 
basic radicals, ihe mme order is invariMy preserved. The mono- 
basic salts come first, then the bibasic, and lastly the tribasic, — 
the basic elements commencing with those most decidedly positive. 

4. If, in treating of any basic or acid-radical, a salt of charac-. 
teristic properties is described, the corresponding salt of aU haste 
or odd-radicals subsequently spoken of is invariably noticed, 

5. The most characteristic compounds of each radical are 
printed in a conspicuous type. 

6. Facilities are afforded for the progress of the student, in the 
simple analytical schemes appended to each group. 

7. In the Second Part of the work, " The Method of Analysis " 
IB described, ample directions and Tables being given, — while 
something is still left to the judgment of the pupil, who may 
fi:ame tables for his own use from a study of the reactions, &c. 
detailed in Part I. 

8. While the best methods of procedure in separations and 
testings are given, endeavour is made to impress on the student 
the necessity of an exact acquaintance with the nature of the 
processes concerned. 

By such means as those which they have just indicated, 
the Authors trust that they have attained to some degree of 
unity and simplicity, as well as of completeness, in the present 
treatise. 

The atomic weights employed in the present volimie are those 
of Gerhardt, — ^the atomic weights of Oxygen, Sulphur, Selenium, 
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TellmiQiii, and CarlxHi being doubled, and the atomic weights of 
all the other elements remaining the same as those usually 
adopted. These alterations have long been made by Continental 
diemists; in England they have been strongly advocated by 
Professors Brodie and Williamson and Dr. OdHng ; and they have 
quite recently received the sanction of a large portion of the 
eminent British chemists. May the Authors hope that their 
work will be found to supply^ in some degree, that want of a 
suitable handbook of analysis which must be caused by these 
changee? 



ERRATA. 

Page 24, line 13 from bottom, for " anhydrouB chloric add, or dblorio 

anhydride," rtad " the chloric radical." 
„ 62, „ 23,/or"H,C,H,0„"f«ttl«H,C^H^Oe." 
„ 61, „ 12,/or"todi88olTed,"r0a(;"tobedi88olTed. 
„ 66, „ 20,/or«HaC^H^O5,"«flrf"H,C4H4Oe.» 
„ 66, „ 3, halve the equation, 
„ 96, „ 15, /(>r " Boda," rwtti « sodium." 
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Ordinaiy notation. 


cia 


CHLORINE 


a 


HCl 


hydrochloric add 


Ha 


KCi 


chloride of potaasiaxn 


KCi 


MnCL, 


bichloride of manganese 


MnCL, 


HNO3 


nitric add 


FO. NO5 


AgNO, 


nitrate of Bilver 


AgO.NO, 


CNCNorCyCy 


cyanogen 


C^N 


KCN orKCj 


(^nide of potaanum 


KCjN 


KCNO or KCyO 


cjanate of potassium 


KO, C^NO 


KCNS or KCyS 


sulphocyanide of potassium 


KC,NS, 


UH 


hydrogen 


H 


HHO or K,0 


WATER 


HO 


HHOa or Kfi.^ 


binozide of hydrogen 


HO, 


TTKO 


hydrate of potassium 


KO.HO 


KKO or K^O 


oxide of potassium 


KO 


KKOa or KaO^ 


binoxide of potassium 


KOj 


CiCiO or Cifi 


hypochlorous anhydride 


ao 


Hao 


„ acid 


Ho.ao 


KCiO 


hypochlorite of potassium 


Ko.ao 


HHS or HjS 


hydrosulphuric acid 


HS 


KHS 


solphydrate of potassium 


ES.HS 


KKS or K^S 


sulphide of potassium 


KS 


HH8O4 or HaSO, 


sulphuric add 


HO. 80, 


KHSO^ 


sulphate of potassium and hydrogen 


KO.SOj.HO.SO, 


KKSOj or KjSO^ 


sulphate of potassium 


KO. SO, 


HHHJ^ or H3N 


AMMOKIA 


NH, 


HHHP or H3P 


phosphuretted hydrogen 


PH^ 


HHHPO, or H,PO, 


phosphoric add 


3H0. P0« 


NaHHPO^ or NaH.,PO, 


phosphate of 1-sodinm 


NaO. 2H0. PO, 


NaNaHPO^ or Na,HPO^ 


phosphate of 2-6odinm 


2NaO. HO. PO, 


NaNaNaPO, or Nag PO^ 


phosphate of 3-sodinm 


3NaO. PO, 



A MANUAL OF CHEMICAL ANALYSIS 

(QUALITATIVE). 



Pam I.— chemical reactions. 



CHAPTER I. 

INTRODUCTION. 

Terrestrial matter has been found bj the researches of 
chemists to be capable of resolution into about sixty-two elements 
or ample bodies ; of these nearly half are of frequent occurrence^ 
while the remainder are comparatiyely rare. Thus every substance 
met with in nature is either an element or a combination containing 
two or more elementary bodies, either mechanically or chemically 
blended. When it is desired to ascertain what simple bodies exist 
in any given form of matter, chemical analysiB is resorted to. 

The student who seeks to become fitted for this method of in- 
qmijy should investigate careMly the chemical properties of the 
simple substances, since it is only by observations founded upon 
them that he will be able to distinguish the various constituents 
of the bodies that may be presented to him for examination. 

Investigation into the chemical properties of the elements has 
shown that many of them are diametrically opposed to one an- 
other, and thus two great classes may be formed, characterized 
by tiie possession of most antagonistic properties : to one of the 
classes the term '' basic elements" has been applied, and to the 
other that of *' acid elements." These classes have also been 
named '^metals" and '^ metalloids " respectively, as well as 
" electro-negative" and " electro-positive" elements. Attempts, 
however, at absolute classi&cation fiedl, since it is found that some 
of the simple bodies occupy an intermediate position, and, strictly 
bebnging to neither division^ serve to connect the extremes to- 

B 
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gether. To place them therefore somewhat in the form of an are, is 
preferable to arranging them in two columns under distinct heads. 
Potassinm (K) thus commences the list of basic elements, and ehlo- 
rine (CI) begins that of the acid elements; while the elements con- 
necting the lower ends of the scales partake, to some extent, and 
in certain dreumstonces, both of the basic and acid character. 



Basic Elxmsnts. 






Acid Elbm snts. 


Sjrmb. Name. Eqvlr. 






Sqsiv. Naaoa. Bjmb, 


K Potaauum 80' 






86*5 Chlorine CI. 


Na Sodium SS* 






80' Bromine Br 


Li lathiom 7* 






136* Iodine I 


Ba Bftrium 66*5 






19' Fluoriiie F 


Sr Sfcrontium 44* 








Ca Calcium SO* 








MgMa^eaiumlS' 








Y Yttrium f 








E Erbium f 








Tb Terbium 7 








Ce Cerium 47' T 








1a Lanthanum 47* 7 






16* Oxyfren O 


Di DidTmium 50*7 






83* Sulphur 8 


Th Thorinum S9*6 






79' Selenium 8e 


Zr Zirconium 38*6 






188-4 Tetturium Te 


BeorGl Gludnum 6*9 








U Uranium 60* 








Al Aluminium 13-7 








Cr Chromium 36* 








Fe Iron 38* 








Mn Manganese 37' S 






13' Carboff C 


Co Cobalt 80* 






11* Boron Bo 


Ni Nickd 30* 






93* SOieon Si 


Zn Zinc 33*6 








Cd Cadmium 56* 








Cu Copper 83* 








Ag Silver 108* 
















Pb Lead 103*8 






14* Nitrogen N 


Bi Bismuth 308* 






31* PhosphoniB P 


Pd Palladium 58*8 






78* Arsenic As 


8n Tin 68* 






• 


Sb Antimony 130*8 








Pt Platinum 98*7 








R Rhodium 63*3 








Ru Ruthenium 63*3 




184 


i' Tantalum Ta 


It Iridium 99' 




? 


Pdopium Pe 


Os Osmium 99*6 




T Niobium Nb 


Au Gold 197' 


36 


' Titanium Ti 


H H]rdit)gen 1* 








W Tungsten 99 


1' 






Mo Molybdenum 


48* 






V Vanadium 


68-6 
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If otwithfltaBdiiig its want of strict correctness, a more arbitraiy 
and absolute division into basic and acid elements is a rery con- 
▼enient one for analytical pmposes ; and in accordance with this 
fJawHJfieatJon, we will now proceed to ccmsider the chemical pro- 
perties of matter. 



CHAPTER II. 

THE BASIC ELEMENTS. 

The bodies which constitate this class are those elements known 
by the name of metals, together with the gas hydrogen. The 
metals are for the most part solid bodies, althongh one, mercury, 
is liq[iiid, and thus forms a link between the solid basic elements 
and the gaseous one, hydrogen. From its close resemblance to 
the oUier basic elements, this gas also is expected, if oyer suffi- 
ciently condensed, to appear in the metallic form. The metals 
are characterized by peculiar phy^cal properties, the chief of 
which are ^ metallic" lustre^ and power of conducting heat and 
electriciiy ; but the first of these properties, although frequently 
quoted as an unmistakeable proof of the metallic character of a 
body, is so dependent upon the state of aggregation of its por- 
tielesy being entirely lost if the metal is reduced to a fine powder, 
as to be of little value ; while the power of conducting electricity 
and heat is to be considered but doubtful evidence of metallic 
character. Chemical characteristics are the best criteria of the 
basic nature of a body ; that is to say, it must possess properties 
powerfully opposed to those of the acid elements. 

The great class of basic elements may be thus subdivided : — 

1. Metals which are lighter than water (H, 0), and decompose 
it at common temperatures : — 

PotassiumsEK. SodiumsNa. LLthiumssIi. 

2. Metals which are heavier than water (H, 0), and decompose 
it at common temperatures : — 

Bariums Ba. Strontiums Sr. Calcium ssCa. Magnesium sMg. 

3. Metals, the majority of which expel hydrogen (H) from 
hydrochloric acid (HCl) at common or boiling temperatures : — 

b2 
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YttriumsY. ErbiumsE. TerbiumssTb. CeriomBCe. Lan- 
thaniumssLa. DidymiumasDi. ThormuniBTh. ZirooniumssZr. 
GlucinamsGl. Uranium ssU. AliiminiumasAl. ChromiuinBCr. 
IronssEe. KangaaeBessMn. NickelsNi. CobaltsCo. Zinc 
»Zn. 

4. MetalB, the majority of which do not expel hydrogen (H) 
from hydrochloric add (HC1)» even at the boiling temperature : — 

Cadmium =sCd. Copper =Cu. SUversAg. Mercury sHg. 
LeadsPb. Bismuth^Bi. PalladiumsPd. Tin^Sn. Antimony 
»Sb. ArsenicssAs. PlatinumssPt. BhodiumKB. Iridium 
sir. Ruthenium ssRu. OsmiumasOs, QoldasAu. Tungsten 
sasW. MolybdenumsMo. Vanadium saY. 

6. The gas Hydrogen sH. 

SUBDIVISION I. 
POTASSIUM, SODIUM; and LriHiuif. 

These metals possess a silvery lustre ; they are of less specific 
gravity than water. They are very difficult of preparation, on 
account of their great affinity for oxygen, with which they are often 
found combined in nature. A bright surface of any one of these 
metals becomes immediately tarnished if e2[po6ed for a moment to 
the air, a combination with the atmospheric oxygen being efEected. 
Under the influence of the same affinity they decompose water, 
which is a chemical compoimd of oxygen and hydrogen, combining 
with its oxygen and setting free its hydrogen. 

I. Potassium ssE. Potassium may be readily recognized by 
placing a small portion of it on the sur&ce of water ; the water is 
decomposed by the potasmum, which becomes red-hot (a circum- 
stance of frequent occurrence in chemical actions) ; the evolved 
hydrogen is then set on fire by the heated potassium, and bums 
with a violet flame, the colour being due to the presence of a 
small quantity of vaporized metal. Owing to its great tendency 
to combine with oxygen, potassium is always preserved und€ur 
some liquid which contains none of that element: the liquid 
generally employed is Persian naphtha. 
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Potassimn is a brilliant metal of bright sUvery lustre ; at the 
temperature of the air it may be cut with a knife, but at the 
freenng-point it is brittle ; at 57^*7 C. it melts, and at a low red 
heat distils. Its density is only 0-865, the density of water being 
ooneddered as 1*000. 

n. SonnncasNa. The metal sodium bears a remarkable re- 
semblance to potassium. If placed upon water it acts upon it 
with the utmost energy, fuses, and rolls, as a red-hot globule, 
rapdly from side to side of the containing vessel; the heat, how- 
ever, does not rise sufficiently to inflame the hydrogen evolved 
unless the movement of the metal be impeded or confined, as by 
pladngit upon a moistened piece of paper, to a smaller area; the 
hydrogen is then kindled and bums with an orange-yellow flame, 
owing to particles of sodium being vaporized with it. like 
potassium, sodium cannot be exposed to the air, and must be 
protected from it in a similar manner. 

The lustre of sodium is as brilliantly white as that of silver ; 
the metal is as soft as potassiimi at the ordinary temperature of 
the air, melts at 90° C, and distils at a lower temperature than 
potassium. Its specific gravity is 0*972. 

m. XiTHn7ic=LL ThiB metal is fSar rarer tliaii either of the two pre- 
ceding ; Uke them it deoompoees water, but not with their extreme energy. 
If exposed to the air it combines with the oxygen, and ia therefore kept 
out of contact with that element. 

jitKinm haa the odour and brigfatneas of polished sUver ; at common 
temperatures it is harder than potassium or sodium, but softer than 
lead ; it is also capable of welding, «'. e. of junction by pressure. It 
m^ta at 180^ C, and cannot be distilled. It ia the lightest of all solid 
bodies, iia speeiSc gravity being only 0*5936. 

MeUUs which are lighter than Water, anid decompose it at common 

temperatwrea. 



VUDB. 


STBibol. 


EqaU 
▼alMit. 


Colonr. 




Mfllting. 
poiDt. 


Potassium. . 
Sodium • . . 

1 


Na 
U 


89 
23 

7 


bluish white 

yeUowiah white 

white 


•865 
•5936 


67°-7 C. 
180* 
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SUBDIVISION n. 



BARIUM, STRONTIUM, CALCIUM, and MAGNESIUM. 

These metals are for the most part of a colour closely resem- 
bling that of gold : they are of greater specific gravity than water. 
To a powerful affinity for oxygen la superadded an incapability of 
volatilization by heat, which renders them still more difficult of 
preparation than the members of the preceding class. They tar- 
nish in the air from formationo of oxide, and decompose water, 
although not with the extreme eneigy of potassium, sodium, and 
lithium. 

I. BABiuicsBa. The metal barium decomposes water at the 
common temperature. It has a yellow colour. 

II. STS0Ntn7H=Sr. The metal strontium decomposes water at 
the ordinary temperature. It has a golden colour, and a specific 
gravity of 2-5418. 

m. Calcium =:Ca. The metal calcium decomposes water at 
the ordinary temperature. It is of a pale yellow colour, and 
its specific gravity is 1'5778. Its hardness approaches that of 
gold. 

lY. MAeinisiTTMssMg. The metal magnesium does not decom- 
pose water at the common temperature, but is oxidized by hot 
water. It is white, and has the specific gravity of 1-87. 



Metals which are heavier than Water, and decompose it at common 

temperatures. 



Name. 


SymboL 


Equi« 
Tslent. 


Colour. 


Spedflc gnvifejr. 


Ueltiiig-poiBt. 


Barium . . . 
Strontiuin . . 
Galciuin. . . 
Magnenum . 


Ba 

Sr 
Oa 
Mg 


68-5 
44* 
20 
12- 


yellow 

yellow 

pale yellow 

white 


4-6? 
2-5418 
1-6778 
1-87 


red heat 

? 

bright red heat 

low red heat 
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SUBDIVISION m. 

TTTBIUlCy SBBIUM, TBBBIUU, CEBIDH^ LANTHAmUM^ DIDTHTUH, 
THOSmUM, ZmCONIUM, OLUCINTTM, VBANIUM, ALUMTNIUM^ 

CHROMIUM, MANGANESE, IRON, COBALT, NICKEL, 

zmc. 

These metalB are either dull white, greyish white, or bluish 
white. Their specific gravity varies from 2-56 to 8*8. The ma* 
joriiy of them are produced with as much difficulty as those of the 
second dass ; this additional disadvantage also attaches to some of 
them, that the substances of which they form part are themselves 
found in very small quantity. Iron and anc are the most easily 
obtained, then nickel, cobalt and aluminium, next chromium and 
manganese, whilst the remainder are of extremely rare occurrence. 
Many among them are tarnished by exposure to the air, moist 
air exerting a far more powerful effect than air when dry. Some 
of these metals decompose water slowly at ordinary temperatures, 
expelling its hydrogen ; but most of them evolve hydrogen from 
hydrochloric acid, combining with its chlorine. A new cha- 
racteristic is to be remarked in this dass of metals, viz. the 
power which some of them possess of being attracted by the 
magnet. 

I, The flnt ten metals are ahnost unknown, and are not likely to fall 
mto the handi of tiie atadent. 

n. ALXTMnntivesAl. The metal aluminium does not decom- 
pose water even in the slightest degree at the boiling temperature, 
nor does it tarnish in dry or moist air ; if, however, it i/s heated 
in the air, it bums and becomes wholly converted into its oxide 
(Al^O,). This metal does not decompose water to which nitric 
or sulphuric add has been added, but it acts readily upon hydro* 
diloric add, expelling the hydrogen and combining with the 
chlorine. 

/ilntwiniiiTn is a whlto metal, but has a slightly bluish tinge ; it 
is somewhat less brilliant than silver ; it is malleable ; it melts 
at a red heat. Its dendty is 2*56. It is not magnetic. 

in. CHBOxnrxsBCr. The metal chromium behaves with water 
as aluminium ; it does not oxidize in the air at ordinary tempe- 
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ratares, but at a red heat it absorbs oaygen readily from the air, 
and is converted into its oxide (Cr^O,). The acGonnts of its 
action on hydrochloric add vary. 

Chromium is a greyish- white metal, very brittle, and requir- 
ing the heat of the most powerful furnace for fusion. Its den- 
sity is 8'9. It appears to become magnetic below the freezing- 
point. 

lY. MAiroAirBSEssMn. The metal manganese decomposes water 
at the ordinary temperature, therein differing from the other 
members of the subdivision. It may naturally be inferred that it 
readily absorbs oxygen from the air also, and must for this reason 
be preserved under coal-tar naphtha. It of course expels the 
hydrogen from hydrochloric acid. 

This metal is of a grey colour, but with little metallic lustre ; 
it is brittle, and requires the heat of the wind-fumaoe to effect 
its frusion. Its density is 8-01. 

Y. iBONsFe. The metal iron exerts a very slight action on 
water at a temperature of 50^ or 60^ C, but when exposed to the 
joint action of air and moisture it absorbs oxygen with great 
avidity, forming the oxide well known as rust (Fe^O,). On ac- 
count of its tendency to combine with oxygen when moisture is 
present, it is always necessary to cover this metal when exposed 
to the weather with paint or some si^ch substance, which may 
form a protective coat between it and the atmosphere. It decom- 
poses hydrochloric acid with great readiness. 

Iron has a peculiar grey colour and lustre, and a fibrous struc- 
ture which confers great toughness. It has the property of 
welding at a white heat. It melts at 1550^ C, and at a higher 
temperature volatilizes slightly. Its density is 7*87. This metal 
is powerfully magnetic. 

YI. CoBALT&sCo. The metal cobalt decomposes water above the 
ordinary temperature, but not when cold, nor does it absorb oxygen 
from the air except when heated. It decomposes hydrochloric 
add slowly. 

It has a reddish-grey lustre, and, like iron, a somewhat fibrous 
structure. It melts at about the same temperature as iron. Its 
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density is about 8*6. It is geneiaUy stated to be magnetic, 
although some doubts are entertained npon this point. 

YII. NicxsLsNi. The metal nickel bears a strong resem- 
blance to cobalt. It does not ozidixe in water or moist air at 
ordinary temperatures. It decomposes hydrochloric add slowly. 

It has a greyish-white lustre, and in stnicture resembles iron 
and cobalt. It melts at a temperature rather higher than the 
melting-pQint of iron. The density is 8*82. It is magnetic, but 
less powerfuUy so than iron. 

VULl. ZnrcssZn. The metal jcmc is a peculiar one, having 
but little in common with the four preceding, which all present a 
strong fiunily likeness. It does not decompose water at the ordi- 
nary tenqwratnre, or remove oxygen from dry air. In moist air 
it becomes covered with a thin film of oxide, which protects the 
metal beneath. If heated in the air it bums with a greenish 
light, forming the oxide Zn,0. It decomposes hydrochloric add 
readily. 

Its lustre \a bluish white. It melts at 412^ C, and volatilizes 
at a red heat. Its densiiy is 6*9 after fddon, and 7*19 after 
eompreedon by rolling. It is not magnetic. 

MeiaUf ike majcrvty of which eapd Hydrogen from Hydrochloric 
Add at the common or boiling temperature. 



NlBM. 


Synbol. 


Eqiii« 
TBleat. 


Coknr. 


•ftar ftuBoii. 


Ifdtiiig-point. 


AlrnniniiiTn 


Al 


13*7 


white 


2-66 


red heat 


Gfanmiiiim. 


Gr 


26- 


grejiah whifce 


8*9 


wind-fomaoe 


Manganese. 


Mn 


27-6 


grey 


8-01 


wind-fiimaoe 


Ifod . . • • 


Fe 


28- 


grey 


7-87 


1560** C. 


GobaU . . . 


Co 


do- 


leddiahgrey 


8-6 


1650^? 


Nickel . . . 


Ki 


29- 


g^ey 


8-82 


1600^? 


Zino ..... 


Zn 


32-6 


bluiflh white 


6-9 


412* 
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SUBDIVISION IV. 

CADMIUM, COPIER, SILVER, MERCURY, LEAD, BISMUTH, 
PALLADIUM, TIN, ANTIMONY, ARSENIC, PLATINUM, 

RHODXmC, BfrmBNItTV, ZBIBimC, OSMIUM, GOLD, TTJKOSTEIf, 
MOLTBDBNUM, YANABIUM. 

The prevBiling colour of these metals is white, one, however, 
copper (Cu) is red, and one, gold (An), is yellow. Their specific 
gravity varies from 5*75 to 21*47. The greater number of them 
are very easily obtained from the compounds (ores) in which they 
exist in nature, and as these ores are tolerably abundant, they 
exert an important influence upon civilization. Those found in 
the largest quantity and obtained with the greatest ease are lead, 
copper, tin, silver, mercuiy, gold, bismuth, antimony, and arsenic ; 
platinum and palladium are of rarer occurrence, and the remainder 
are very seldom met with. As a rule they do not, when exposed 
to the air, combine with its oxygen, or at the most become covered 
with but a slight film of oxide or tarnish ; so comparatively slight 
indeed is their afSnity for oxygen, that the oxides of many of 
them are decomposed by heat alone into metal and oxygen. As 
a class also they exert no action upon water or hydrochloric add. 
These metals are not magnetic. 

I. CAnMnrKsCd. The metal cadmium does not decompose 
water at the ordinary temperature, and only slightly tarnishes 
upon exposure to air ; it is nevertheless a very oxidizable metal 
at a higher temperature, and when heated in the air bums with 
the formation of an oxide (Cd^O) of a brown or brownish-yellow 
colour. Hydrochloric acid acts upon it but slowly. 

The colour of cadmium is white with a tinge of blue ; it is soft 
and flexible, crackling like tin when bent ; it is very fusible, melt- 
ing below a red heat ; it volatilizes somewhat below the boiling- 
point of mercury (36(P C), and its vapour has no odour. The den- 
sity of the metal is 8*604 after fusion, and 8*694 after hammering. 

II. CopPEBsCu. The metal copper does not decompose water 
at the ordinary temperature, and but veiy slowly when raised to 
a high degree of heat. On exposure to moist air it tarnishes, and 
when heated in the air it absorbs oxygen and yields two oxides 
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(Cq^O and Cn^O) ; these^ however, do not yield up their oxygen 
when fiirther heated. Hydrochloric acid acts npon this metal 
with great difficulty. 

Copper has a well known red colour ; it is malleable ; at about 
788^0. it melts, and volatilixes sensibly at a very elevated tempera- 
ture. Its densiiy after fbaion is 8*85, and after hammering 8*95. 

m. SixvERass Ag. The metal silver does not decompose water, 
or withdraw oxygen from dry or moist air; if, however, it is 
heated in contact with air, at an elevated temperature it absorbs, 
or more properly, dissolves oxygen, but yields it up again on a 
farther increase of heat. It is acted upon by hydrochloric acid 
with the greatest difficulty. 

The peculiar lustre of silver is perhaps more beantifdl than that 
of any other metal. It is very malleable. At about 1000^ 0. it 
malts, and volatilizes slowly at a very high degree of temperature. 
Its density is 10*47 after fusion, and 10*51 after hammering. 

lY. l£KBCUBT&sHg. The metal mercury does not decompose 
water at any temperature, nor does it combine with oxygen when 
expoeed to dry or moist air ; if heated in the air it combines with 
oxygen, forming the oxide (Hg,0), which is again resolved into 
its constituents at a higher degree of heat. Hydrochloric add is 
not decomposed by this metal. 

The great peculiarity of mercury is its liquidity at common 
temperatures; at — 40^ C, however, it becomes solid, and at 360^ C. 
it boils, and is converted into a colourless vapour. In lustre and 
colour it resembles silver, yet has a tinge of the blue-grey hue of 
lead. Its density is 13*59 at 4"^ G. 

y. Leads Pb. The metal lead does not decompose perfectly 
pore water ; it tarnishes slightly in moist air ; if heated in the 
air it rapidly absorbs oxygen, and the oxide thus formed (Pb,0) 
is not decomposed by heat alone into metal and oxygen. Hydro- 
chloric acid acts upon this metal with great difficulty. 

Lead is a metal of a bluish- white lustre, very malleable, melting 
at 334^0., and volatilizing to a considerable extent at high tempera- 
tures. Its density is 11*445, and increases slightly by hammering. 

YI. Bismuths Bi. The metal bismuth appears not to decern- 
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pose water if the latter is quite free from air ; it tarnishes slightly 
in damp air ; and if heated in the air is converted into its oxide 
(Bi^O,), which is not decomposed by heat. Hydrochloric acid 
acts upon it very slowly. 

Bismuth is of a reddish- white colour, rather brittle ; it melts 
at 247° C, and can be distilled at a very high temperature. Its 
density is 9*82, and is slightly diminished by compression, 

yn. Palladium ssPd. The metal palladium does not decom- 
pose water ; it does not tarnish in the air unless heated, when a 
blue film of oxide appears on the surface which vanishes upon 
further heating : cold hydrochloric add does not attack it. 
' Palladium is a metal of a greyish- white colour ; it does not 
melt at the temperature of the blast-furnace. Its density is 11*3 
after fusion, and 11*8 after hammering. 

Ym. TiKssSn. The metal tin does not decompose water, nor 
does it absorb oxygen from the air ; heated in the air it forms an 
oxide which an accession of temperature does not decompose ; it 
is but slowly attacked by hydrochloric acid in the cold. 

Its brilliant white colour is weU known ; it is malleable, and 
melts at a temperature of 228° C. Its density is 7*291 after 
fusion, and 7*299 after rolling. 

IX. ANTDcoKTsSb. The metal antimony does not decompose 
water or attract oxygen from the air at ordinary temperatures ; 
heated in the air it oxidizes, and the oxide produced is not de- 
composed at an increased heat : cold hydrochloric acid acts upon 
it with extreme slowness. 

It has a bluish-white colour, is veiy brittle, melts at 430° C, 
and has a density of 6*71. 

X. AbsenicssAs. The so-called metal arsenic does not de- 
compose water freed from air, nor does it absorb oxygen frt>m dry 
air. It becomes oxidized by exposure to air and water, or to 
moist air only. When heated in the air it bums into an oxide 
not easily decomposable by heat. Hydrochloric acid is readily 
decomposed by this body. 

The metal has a steel-grey colour, is veiy brittle, and volatilizes 
without melting at 300° C. Its density is 5*75. 
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XL FLATDfiTicsPt. The metal pktiiitim does not deoompose 
water except at a most eLerated temperatnre ; it does not absorb 
oxygen from the air at any temperature, nor does hydrochloric 
acid exert any action upon it. 

Its oolonr is white with a tinge of grey. It is malleable, and 
possesses the property of welding at a white heat. It meltsonly 
at the temperature of the oxyhydrogen blowpipe. Its density is 
21-16 after fosion, and 21*45 after hammering. 

2QL The metala rhodiimi, iridium, ruthenium, and Oiminm are Tery 
rare, and are not likely to oome in the way of the fltudent. 

Xm. OoLDss An. The metal gold does not decompose water, 
nor does it tarnish in the air or absorb oxygen from it at any 
temperatnre : it is wholly nnattacked by hydrochloric add. 

Its rich yellow colour is well known. It melts at about 1200^0.; 
its daetility is very considerable. Its density is 19*2 after ftision, 
and 19*3 or 19*4 after hammering. 

Xry. The metals tungsten, molybdenum, and Tanadinm are not 
fikely to paas tiirou^ the hands of ^ student. 



MetaUy the majority of which do not expel Hydrogen from Hydro- 
chloric Acid, even at the botUng temperature. 



Name. 


Sjmbdl. 


Equi- 

TSMOt. 


Cdoor. 


(^ftarfoakm). 


Melthig pobit. 


Cadmium . . 


Cd 


56* 


bluish white 


8-604 


r below a 

Iredheat 

788« 


C!opper . . . 


Cu 


32* 


red 


8-86 


SOrer .... 


M 


108- 


brilliant white 


10*47 


1000** 


Mercury . . 


H« 


lOO- 


bluish white 


13*59 


-40« 


Lead 


Pb 


103-5 


bluish white 


11*44 


334« 


Bismuth . . 


Bi 


206- 


zed 


9*82 


2470 


Mladinm. . 
Tin • • . • . 


Pd 

Sn 


63-3 

68- 


greyish white 
farilliaat white 


11*3 
7*291 


r oxyhyd. 
Ib^pe 


Antimony. . 


Sb 


120-3 


bluish white 


6*7 


430*" 


Arsenic . . . 


As 


76* 


steel grey 


5-75 


? 


Platinum . . 


Pt 


98-7 


grayish white 


21*16 


oxyhjrd. 


Gold 


Au 


197- 


deep yellow 


19*2 
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SUBDIVISION V. 
HYDROGEN. 

The only member of this subdivisioii is the gas hydrogen, 
which, from the numerous chemical analogies which it bears to 
the metals, is expected, if ever condensed, to appear in the me- 
tallic form; its gaseous state at ordinary temperatures is no 
argument against this view, since it must be remembered that 
many of the metals, as mercury, zinc and sodium, are known as 
transparent gases at an elevated temperature; it has not yet, 
however, been condensed, and so the features which its liquid or 
solid forms may present are merely a matter of conjecture. 

Hydrogen is an exceedingly abundant element, occurring in 
combination with oxygen as water ; its affinity for this body and 
for chlorine is very great, as exemplified by the feicts stated above, 
which show that only a few of the metals have, by reason of their 
superior affinity, the power of directly expelling hydrogen from 
these combinations. 

Since hydrogen is a substance fr^uently employed in chemical 
operations, and as St differs in many material points from the 
elements of the same class which have been described, it is im- 
portant that the student should prepare it and examine its pro- 
perties. 

It occurs in nature, as many of the metals do, combined with 
oxygen, and in this form of combination (H^O) it constitutes a 
large part of terrestrial matter ; it also occurs in commerce com- 
bined with various other elementary and compound bodies, form- 
ing a large class of substances to which the name of acids has 
been assigned, such as hydrochloric (HCl), sulphuric (H^SO^), 
and nitric add (HNOJ; from anyone of these compounds hydro- 
gen may be set free by employing a suitable process, or in other 
words, by presenting to the hydrogen compoimd some substance 
which has a greater tendency to combine with that body with 
which the hydrogen is united than the hydrogen itself possesses. 
Thus, if potassium be added to water, hydrogen (H) and the 
substance called potash, or hydrate of potassium (K HO), are ob- 
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tained ; for, as the result of all the forces brought into plaj, the 
potaasiiim acts just as if it had a greater tendency to unite with 
the oxygen than the hydrogen has, with which the oxygen is 
previously eombined. And if, again, zinc is added to hydro* 
chloric or to sulphuric acid, hydrogen is likewise, and for the 
same reasons, liberated, with the simultaQeous production of 
chloride or sulphate of sine, as the case may be. By one of these 
latter methods the student invariably isolates this element, using 
the apparatus shown in the accompanying diagram. 

The hydrochloric acid and zinc are j^. i. 

phused in the generator (A), and some 
water in the wash-bottle (B) lor the puri- 
fication of the gas ; the deliyeiy-tube (C) 
dips beneath the sur&ce of some water in 
a basin, while the bubbles of hydrogen 
are caught as they issue in test-tubes 
previously filled with water, and inverted, 
with their mouths just below the level of 
the water in the basin. 

The following observations and experiments should be made 
wiUi this substance:— 

Hydrogen is a transparent colourless gas, scazt^ly soluble in 
water, 1 volume of water dissolving only *015 of a volume of 
hydrogen. When pure it is inodorous, but, as commonly pre- 
pared, it has a peculiar odour which is easily recognized. It does 
not combine with oxygen at common temperatures, but if a small 
portion <mly of the gas be highly heated by the application of a 
burning body, that part then combines with the atmospheric 
oxygen present, and the heat evolved by this chemical union is 
sufficient to raise another portion of the gas to the temperature 
at which this combination takes place ; this is repeated until the 
whole of the hydrogen is converted into its oxide water (H,0). 
Thus if a light be applied to the gas in a tube or other vessel 
having its mouth open to the air, a blue flame is seen to move 
slowly down till it reaches the bottom, marking, in fact, in its 
passage the sur&ce of the unconsumed hydrogen. 
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The foregoing experiment may be so modified as to bum all the 
hydrogen at once ; for this purpose it is only necessary to mix 
the gas thoroughly with half its bnlk of oxygen and apply intense 
heat to any portion of the mixture, as by the application of a 
burning body ; oxygen is then ready at every point to combine 
with the hydrogen; and so great is the heat evolved that the 
vapour of the water formed is expanded suddenly and immensely^ 
and the result is an explosion. A less violent result is obtained by 
mixing air instead of oxygen with the gas ; and by lighting either 
mixture in an open test-tube all unpleasant effects are obviated. 

The density of this element^ hydrogen, is less than that of any 
other known body. The density of gaseous bodies is, however, 
generally referred to that of air as a standard, and air being taken 
as 1*000, hydrogen is '0692. This low density is well exem- 
plified by taking two tubes which have been filled with the gas, 
uncovering their mouths, and holding one in its ordinary, and the 
other in an inverted position ; from the former the gas may be 
shown to have escaped almost immediately, for on the application 
of a lighted taper a few seconds only after the uncovering, no 
ignition will take place ; the second vessel will, however, retain 
its contents for a considerable length of time, for it will be found 
that the gas in it will take fire after the lapse of some minutesi 
on the approach of the lighted taper. 

A peculiarity with regard to this gas is, that if burnt at a jet 
(formed conveniently of an upright tube with a fine point and 
smaU aperture, inserted in the cork of the washing^bottle figured 
above, instead of the ordinary delivery^tube), and a tube of about 
■|-inch internal diameter be placed cautiously over the flame so 
as not to extinguish it, a variety of peculiar notes are produced, 
some of which are remarkably dear and musical. 

All chemical reactions, or changes which take place when 
bodies act chemically upon each other, are rendered most di- 
stinctly intelligible by being placed in the form of an equation, 
and the student should familiarise himself with the method 
of so expressing them. Thus in the changes above alluded to 
as taking place in the production of hydrogen, the decompo- 
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ailion of iroter by potaasiiim is clearly Aown in tho followiiig 
maimer : — 

H,0+K«KHO+H 

Hydntoof 
potaflnam. 

In the same way the decomposition of hydrochloric or sulphuric 

acid by zinc may be exhibited : — 

B:a+Zn=ZnCl+H 

Chlorida 
of sino. 

H, S0^+2Zn«Zn, S0,+2H 

Sul^liato 
of sme. 



CHAPTER III. 

THE ACID ELEMENTS. 

Uhdxb this title are comprehended the remainder of the ele- 
mentary bodies. The add elements are also sometimes termed 
'^non-metallic elements" and "salt radicals." Although for 
the most part possessed of properties powerfdlly antagonistic to 
tiiose of the basic elements^ they do not all bear to each other the 
strong resemblance exhibited in the case of the latter class of 
bodies; they may, however^ be ananged in sabdivisions^ each 
containing a few members which present among themselves many 
points of accordance. The state of physical aggregation in which 
these sabstanoes exist, is as varied as that which the basic ele- 
ments present ; the majority of them occur in the solid form, 
one, bromine, in the liquid, and several in the gaseous condition. 

The dass of acid elements may for convenience sake be thus 
subdivided >— 

1. Bodies which, in combining with hydrogen, lose nothing of 
their acid character: — 

Cfhlorine—Ca. Bromine— Br. Iodine— I. Fluorine— F. 



18 CHBMICAI. BEACnOKS. 

2. Bodies, the acid diaxacter of which is masked by combina- 
tion with hydrogen : — 

Oxygens 0. SulphursS. Selenium =Se. TeUuiiumssTe. 

3. Bodies which lose their acid character completely by com- 
bining with hydrogen : — 

CarbonsC. Boron==Bo. Silicons Si. TantalumsTa. Nio- 
biomsNb. Felopium=Fe. Titanium=Ti. 

4. Bodies which acquire a basic character by combining with 
hydrc^n: — 

NitrogenssN. Phosphorus s P. ArsenicsAs. 

SUBDIVISION I. 
CHLORINE, BROMINE, IODINE, FLUORINR 

The three former of these substances are known, the fourth 
has never yet been isolated ; they are possessed of the most ener- 
getic tendency to combine with the basic elements, and it is this 
obstacle which has always hitherto prevented the isolation of the 
last member of the group, fluorine. The intensity of their che- 
mical attraction for the bodies most opposed in chemical character 
is well exhibited by the feict that many metals, upon simply being 
brought into contact with these substances, ignite, burning in the 
act of combination ; and as may be readily supposed, the com- 
pounds thus formed are as difficult of decomposition as they are 
easy of production. The first member, chlorine, is a gas ; the 
second, bromine, a liquid ; and the third, iodine, a solid: fluorine 
is believed to be a gas. As will be seen hereafter, the three first 
members of this group exhibit a most singular family resemblance 
both in their chemical and physical properties, and it is generally 
thought that some far more intimate connexion subsists between 
them than any of which we are at present aware. 

I. CsLouarRsaCL The non-metallic element, or salt-radical 
chlorine, is a gas at all ordinaiy temperatures and pressures, but 
under a considerably increased pressure it liquefies ; no combi- 
nation of cold and pressure has, however, yet proved capable of 
effecting its solidification. 
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Ghloiine ooeuxs in nature in oombinatioii with many of the 
metalsy bat its most abundant sonioe ia common salt, Nad, which 
eziatB 80 largely in the sea and in extensiye deposits in different 
parts of the eartii. 

From common salt, chlorine is freqnently prepared by a me* 
ihod which consists essentially of two processes joined into one : 
— the mode of proceeding is to add scdphnric acid (H^SOJ to a 
mixture of black oxide of manganese (lln^O,) and common salt 
(Nad), and to apply heat, when chlorine is given off, and may be 
collected either oyer Tiat water or by displacement. For the 
better understanding of this process, the action may be supposed 
to be divided into two parts; the first consisting of the addition of 
sulphuric add (H, SO^) to chloride of sodiimi (Nad): here a simple 
interchange between the basic and add elements occurs, the 
result being the production of sulphate of, soda (Na^SOJ and 
hydrochloric add (Hd), thufr— V-'^'' y ' \^ \ >. f .-•*'/ 

H,S0,+2Nad«:Na^80,+2Hd; 
and the second action being that of the black oxide of manga- 
nese, Mn,0,, upon the hydrochloric add, the final result being 
represented thus — 

Mn.O,+4Hdos2Mnd+2H,0+2d. 
A very usual way of preparing chlorine is by performing the 
latter only of the processes given above, that is, to commence 
with Mn,0, and Hd, hydrochloric add being a cheap article of 
commerce. The student will do well to prepare chlorine by 
both methods, and to observe the following properties of the 
gas, ccdiecting it both by displacement and over warm water : — 

(a) It has a peculiar yellowish-green colour, whence its name ; 
it has also a peculiar unmistakeable odour : both of these cha- 
racters it imparts to water when dissolved in that liquid. 

(fi) It has the property of bleaching almost all animal and 
vegetable colours; the presence, however, of a trace at least of 
water is necessary before submitting the coloured substances under 
examination to the action of the gas. 

(y) It exerts a very wiugnlar action on some bodies contain- 
ing carbon and hydrogen, by reason of its tendency to combine 
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with their hjdrogen^ forming hydrochloric add, their carbon 
being consequently set free as soot: this is well shown by the 
introduction of paper dipped in turpentine, or of a lighted taper^ 
into a jar of chlorine. 

(2) It imparts no colour to starch-paste. 

The specific gravity of chlorine gas is 2*44 ; being thus much 
heavier than atmospheric air, it may be collected in vessels fiUed 
with that fluid, by allowing it to issue from a delivery-tube at the 
bottom of the jar to be filled ; in virtue of its superior density it im-^^ 
mediately occupies the fioor of the jar or bottle,and,gradually rising, 
buoys up the air upon its surfeu^e, until it finally expels it wholly. 

Chlorine gas is soluble in cold water; its maximum solubility 
is in water at 8^ C, 1 volume of water at that temperature dis« 
solving 3*04 volumes of the gas ; at 50° C, 1 volume dissolves 
only 1*09 volume ; and at 100° C, the temperature of boiling 
water, it dissolves nothing. In collecting chlorine over water, 
then, the temperature of the latter is an important point. 

As a chemical agent, chlorine is among the most powerful 
with which we are acquainted, its affinity for the basic elements 
being so great, that many metals when introduced into the gas 
in the form of leaf or fine powder, burst into flame from the 
great eneigy of their chemical combination : the basic element 
hydrogen also, when mixed with this gas and exposed to the 
bright light of the sun or of the voltaic arc, explodes frt>m the 
same cause. By reason of these poweifdl affinities it is a very 
dangerous gas to breathe, since the fine structure of the lungs is 
veiy liable to injury from exposure to energetic chemical agents. 

n. BBOMnrBsBr. The non-metallic element, or salt-radical 
bromine, is a reddiBh-brown liquid, boiling at 63° C, and be- 
coming solid at —22° C. 

Bromine is an element of somewhat rare occurrence iu nature ; 
it is chiefly found in combination with sodium (Na), magnesium 
(Kg), and calcium (Ca), in sea- water and some mineral springs, 
and more rarely as the mineral, bromide of silver (AgBr). The 
method for its isolation is the same as that adopted in the case 
of chlorine; hydrobromic add being at first set free, is imme- 
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diately decomposed by black oxide of numganeBe, Mii,0,, which 
ozidizeB its hydrogen, liberating the bromiae, which condenses 
in the liqnid fonn : by this process the student should prepare a 
small quantity of bromine and obseire— 

(a) Its physical charactersy such as its cdoar, odour, great 
volatility, and its solubility in water, 

(fi) Its bleaching power, somewhat inferior to that of chlorine. 

(y) Its fiur less powerful action on hydrocarbons. 

(I) That, when brought into contact with starch-paste (made 
by Ixnling starch in water), it produces a beautiful series of 
coloarB, Yarying from pale yellow to the richest orange, accord- 
ing to the amount of bromine present. 

In the liqnid state bromine has a density of 2*966, in the 
gaseous, of 5*39. 

One part of water at 15° C. dissolves '03Q03 of liquid bromine. 
The bromine escapes from its aqneous solution on heating, jnst 
as chlorine does. 

Bromine is a substance which, in its chemical relations, bears 
a striking resemblance to chlorine, forming compounds with the 
various metals possessed of chemical and physical properties 
almost identical with those of the chlorides. What we, fi>r con- 
venience sake, call the power of chemical attraction, is, however, 
less between the bromine and the basic element than that ma- 
nifested by chlorine, which latter element conseqnentiy, in many 
dreumstanoes, removes bromine from its combinations, taking 
its place. Bromine vapour, although not so injurious to the 
human organism as chlorine, nevertheless, if breathed in any 
quantity, acts very detrimentally ; and the liquid bromine, if left 
in contact with the skin, produces a wound very difficult to heal. 

m. IodstebsI. The non-metallic element, or salt-radical 
iodine, is a solid at ordinary temperatures, of a metallic grey 
colour, and somewhat resembling in appearance the substance 
known as plumbago or black-lead, lodiae crystallizes in rhom- 
boidal plates, and also in rhombic octabedra, which belong to the 
same system. 

Iodine occurs in nature associated with bromine and chlorine. 
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in the waters of the sea and of yarious mineral apringa, being 
chemically combined with sodium (Na), calcium (Ga), and mag- 
neaium (Mg): it is also sometimes met with combined with 
silver (Ag). Its great source^ however, is the ash obtained by 
burning sea-weeds : these plants extract the very minute quantity 
of iodine contained in sea- water, and by continually storing it 
up in their organisms, succeed in accumulating, comparatively 
speaking, so large a quantity of iodine as to repay the cost of 
extraction. It is prepared in precisely the same manner as the 
two former elements, hydriodic add being in the first place pro- 
duced and immediately submitted to the action of black oxide of 
manganese (Mn^ 0,). The student should prepare a small quantity 
of iodine by acting with sulphuric acid (H, 80^) and Mn^O, upon 
some iodide of potassium, and observe-— 

(a) Its physical characters both in the solid and gaseous con- 
dition, its colour and odour, the crystallization of the solid iodine 
from the vapour on cooling, and its solubility in water. 

(/3) Its bleaching power, tea feebler than that of dilorine or 
bromine. 

(y) Its comparatively feeble action on h3rdrocarbons. 

(2) The very fine and characteristic blue colour which is pro- 
duced when iodine and starch-paste are mixed. 

Iodine melts at the temperature of 107^ C, and boils at 180^ C, 
but it passes into the gaseous state long before it reaches its 
boiling-point, appearing as a violet vapour of exquisite colour. 
Its density in the solid state at 17° C. is 4*948, and in the gaseous 
condition 8-716. 

Iodine is less soluble in water than bromine, one part of water 
dissolving -007 of its weight of iodine. 

This element bears a strong general likeness to the two pre- 
ceding elements in its chemical characters; it also resembles 
them in odour, &c. Its chemical affinities are, however, weaker 
than those of bromine, and it is displaced from its combinations 
by that element, just as bromine itself is expelled by chlorine. 

lY. FlttobiitesF. The non-metallic element, or salt-radical 
fluorine, has not yet been isolated. 
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Chlorine . . 
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CI 

Br 
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iflh yellow 
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-22° C. 
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SUBDIVISION n. 
OXYGEN, SULPHUB, SELENIUM, TELLURIUM. 

All these substances are known, and can be easily isolated ; 
ihe two fonner in fact occur in great abundance, and nearly pure 
in nature. They are yeiy slightly inferior to the fonner group 
in their power of uniting with the basic elements, and when thus 
combined, they form compounds which are difficult of decompo- 
sition. The first member of this subdiTision, oxygen, is a gas ; 
the other three are soKds, at common temperatures. As a fiunily, 
they bear abnost as strong a resemblance to each other as do the 
members of the first subdivision. One remarkable feature, how- 
ever, must be noticed with regard to oxygen and sulphur, the 
two most abundant elements of this group, — ^bodies whose pro- 
perties have been very thoroughly investigated. These elements 
enjoy the power of combuung, not only with basic elements, but 
also with nearly all bodies of their own dass : oxygen, e. g., forms 
chemical compounds with every known simple substance except 
fluorine, and when it combines with an add element, the resulting 
compound, as might naturally be expected, possesses in a marked 
degree the characteristic acid properties of its two constituents. 

I. OxTosarsO. The non-metaUic element, or salt-radical 
oxygen, is a gas at all known temperatures and pressures. 

* y.ssyapour; L.3sliquid; S.=flolid. 
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The great reservoir of this gas is the atmosphierey of the total 
volume of which it oonstitates one-fifth ; and hj reason of its 
power of combining with eyery other known element, flnorine 
only excepted, it is also an abundant oonstitaent of the earth's 
crost. It is the presence of this substance which fits the air fi>r 
the support of animal life : the pure gas inhaled into the lungs 
does not pzoye poisonous. 

The simplest method of isolating this element is by heating 
some compound in which it exists not very closely combined, for 
the action of heat is often one of decomposition ; and thus if we 
select a combination of mercury (Hg) with oxygen (O), oxide of 
mercury (Hg^O) in &ct ; or of silver (Ag) with oxygen (0), oxide 
of silver (Ag,0) ; we shall find that these bodies will split into 
metal on the one hand, and into oxygen gas on the other, by the 
ample elevation of temperature. If we employ a still higher 
degree of heat, other oxides, such as that of manganese (Mn^O,), 
will be found to part with a portion of their oxygen. But the 
most usual method is to heat the substance known as chlorate of 
potassium (Kd 0,), which is a compound containing the basie 
element potassium (E), united to an acid body called a compound 
salt-radical, and composed of two acid elements, namely, chlorine 
(CI) and oxygen (0), in the proportion of three equivalents of 
oxygen to one equivalent of chlorine. This compound b called 
anhydrous chloric add, or chloric anhydride. When chlorate of 
potassium (Ed 0,) is heated, the 30 are expelled, and the com- 
pound called chloride of potassium (ECU) remains, according to 
the following equation — 

EClO,— Ea+30, 

This is the method which the student should employ in the 
preparation of this element. The following properties of oxygen 
gas are to be noticed : — 

(a) It is without colour and odour, and does not perceptibly 
dissolve in water. 

(/3) It does not exert a bleaching power like chlorine. 

(y) A taper or match just blown out, but with the wick still 
glowing, is immediately rekindled when plunged into this gas. 



I 
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and bnms with much increaBed brilliancy and rapidity ; this is 
the moet common test for the presence of oxygen. 

(2) A piece of solphnr (8), ignited in the air, bums with 
mneh increased brilliancy when placed id this gas. The same 
effect is observed, thoogh in a still more marked degree, in the 
case of phosphorus (P). Carbon (C), too, bums with great 
energy, and so also does the metal iron (Fe), when plunged while 
red-hot into a jar of oxygen. 

The specific gravity of oxygen gas is 1*1057. It is slightly 
soluble in water^ 1 Yolmne dissolving '035 of a volume of the gas ; 
this veiy trifling solubility does not interfere with its being col- 
lected over water, which is by &r the most convenient method of 
storing gases. In the free state it is not so energetic a chemical 
agent as chlorine and its congeners^ at least at common tempera- 
tures, a few rare cases excepted ; but when its temperature is 
raised, it combines with both basic and acid elements with perhaps 
greater energy than chlorine itself, and forms compounds of similar 
or nearly equal stability. These compounds are readily produced 
by heating the substance whose combination with oxygen we are 
demrous of obtaining, before their introduction into that gas ; a 
union immediately begins, the temperature of the heated body is 
very much augmented, and a brilliant light is frequently kept up 
until the supply either of the oxygen or of the substance intro- 
duced is exhausted. Very striking effects are obtained by the 
combustion of heated iron, sulphur, carbon and phosphorus in 
this manner. 

n. SiTLPHTTBsB. The non-metallic element, or salt-radical 
sulphur, is a solid at ordinary temperatures. 

This element is met with, uncombined, in extensive deposits 
which abound in volcanic districts ; its great European source is 
fiidly. It is also largely diffused through the earth's crust in 
combination with various metals, and occurs in almost all waters 
in the form of sulphates, and in some springs as sulphuretted 
hydrogen (H, 8). The great abundance of sulphur in the un- 
combined state renders it almost wholly unnecessary to extract 
it from any of its compounds ; it is, however, sometimes ob- 
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tained as a kind of bye«product in the mann&cture of other 
substances. 

Native sulphur is purified by simple distillation, and then sent 
into commerce. The student should observe inth this substance : 

(a) Its physical properties, colour, fusiMLity, and volatility. 

(/3) Its power of combining, when heated, with the atmospheric 
oxygen. 

(y) Its power of combining with metals (such as copper [Cu]) 
when they are plunged into its vapour. 

The specific gravity of sulphur in its ordinary solid form is 
2*087 ; it melts at 120'' C, and boils at 440°, becoming at that 
temperature a transparent gas of an orange colour, with a specific 
gravity of 6*654. Between, however, the temperatures of melt- 
ing and ebullition, sulphur undergoes very peculiar changes of 
consistence, becoming up to the temperature of 260° C. more 
viscous, instead of more fluid, with each augmentation of heat. 
If sulphur thus heated be suddenly cooled, it presents none of 
the original features of the substance before fdsion, as seen in 
the following comparison. Ordinary sulphur is yellow, this is 
brown : ordinary sulphur crystallizes well either in acute rhombic 
octahedra or in long rhombic prisms, while this presents no 
trace of crystalline structure: ordinary sulphur is extremely 
brittle, this is as elastic as india-rubber. The present instance 
is the first which has been hitherto brought under the student's 
notice of an element existing in two forms or distinct states, but 
some of the elements shortiy to be considered exhibit this pecu- 
liarity even more distinctiy. To ibis phenomenon the term 
allotrapy has been assigned. There are several other aUotrapie 
modifications of sulphur in addition to those just described. As 
a chemical agent sulphur is less energetic than oxygen, but it 
must not be forgotten that the solid form in which it usually 
exists is an obstacle to powerfhl chemical action ; this is shown 
by the &ct that sulphur in the gaseous condition combines ener- 
getically with many metals, which become red-hot in the act of 
combination ; it can be considered therefore only slightly inferior 
to oxygen in chemical energy. 
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UL SsKEHiuMsSe, The non-metallio element, or salt-radical 
seLeniiuny is of eompaiatiyely rare occurrence; in most of its 
phymcal and chemical properties it strongly resembles sulphnr. 
Its ordinary form is that of a reddish-brown solid, with a some- 
wiiat metallic Instre. It fiises at 100° C, and if heated beyond 
this point and suddenly cooled, yields a viscous allotropio modi- 
fication similar to that of sulphur. Selenium boils at a low red 
heat^ and is oonverted into a yellow vapour. In its chemical 
propertiee it resembles sulphur still more closely, if possible, than 
in its physical characteristics* 

IV. I^ELLirBiuvssale. The uon-metallic element, or sslt-ntdical 
tellurium, is even rarer than selenium ; it occurs in nature com- 
bined with certain metals. In its physical properties it assimi- 
lates closely to the basic elements, but in its chemical tendencies 
it 18 allied to sulphur and selenium. It is white with a metallic 
lustre, crystalline, brittle, and has a density of 6*2. It is rather 
more fnaible than antimony, and volatilizes at a red heat. 

BodieSy the add eharacUr of wTnch is masked by cornbination with 
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SUBDIVISION ni. 

CARBON, BORON, SILICON, tantalum, niobium, pblopium, 

TITANIUM. 

The first three bodies are all known in the isolated state; 
they are oomparatively destitute of affinity for the basic elements ; 

c2 
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carbon, however, is «d, exception, as it has a very powerfdl ten- 
dency to unite with hydrogen, a nnion which takes place in 
many proportions ; it also combines with the metals. They all 
combine with oxygen, like the members of the two preceding 
classes, to form compound salt-radicals or acid bodies. In many of 
their characters these three elements bear a strong family resem- 
blance to one another. They are all solids. The remaining four 
elements of this group are of very rare occurrence. 

I. CabbonssC. The non-metallic element, or salt-radical 
carbon, is a solid at ordinary temperatures* 

There is no element which enters into so large a number of 
compound bodies as carbon. It forms a greai part of the organic 
worid, the animal and vegetable kingdoms ; and organic chemistry 
includes the history not only of all the compounds of carbon 
occurring in nature, but also of a countless host of such com- 
pounds produced from time to time by artificial aid. Carbonic 
acid (CO2), a combination of carbon and oxygen, is the great 
reservoir of this element ; and just as marine plants withdraw 
iodine (I), as we have seen, from sea- water, so does terrestrial 
vegetation remove carbonic acid (CO,) from its reservoir the at- 
mosphere (in whichi however, it exists in small proportion), de- 
composes it, and accumulates the carbon in various forms of com- 
bination with hydrogen, nitrogen, and oxygen. Since many 
animals live on plants, and carnivorous animals prey on the her- 
bivorous, the whole organized world is thus supplied with the 
necessary carbon. The carbon is restored to the atmosphere by 
various processes of civilized life, but especially by the respiratory 
process going on in the animal organism. The great deposits of 
coal which occur in many parts of the earth's crust are chiefly 
combinations of carbon with hydrogen, but they also contain some 
nitrogen, oxygen, and small quantities of other bodies ; they result 
from the gradual decomposition of vegetable matters out of con- 
tact with air. 

Carbon, as it usually occurs, is invisible, inodorous, and cannot 
be distilled. It exhibits allotropy in a more marked d^^ree even 
than sulphur or selenium, occurring in three very distinct modi- 
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fiealiona. The fint form, known as diamond, is transparent — ^the 
hardest of all bodies — and magnificently crystalline, the crystals, 
which are octahedra, having a density of 3*35: in the second 
condition carbon presents itself in the form of hexagonal plates, 
of bhoBh-black metallic Instre, soft and nnctuons to the touch, 
with a specific gnmty of 1-9 to 2*3 ; this second form is known 
as phunbago, black-lead, and graphite ; while the third variety 
is densely black, without lustre or any trace of crystalline struc- 
ture; it occurs in numerous varieties of anthracite, charcoal, 
jet, and gas-coke, and in soot, lamp-black, &e. In this third 
form carbon has a specific gravity varying greatly in different 
cases. The first variety, or diamond, is termed a-carbon ; the 
second, /3-carbon ; and the third, y-carbon. 

The peculiar characteristics of the different kinds of carbon 
mentioned above are well known: the great brilliancy of the 
diamond, — ^the unctuous feel of graphite, — the rich black and con- 
siderable hardness of jet, anthracite, or cannel coal, — the dense, 
heavy and compact structure of the coke from gas-retorts, — the 
very light spongy texture of wood-charcoal, and the pulverulent 
lamp-black, are familiar to every one. There is, however, one 
property which the student should observe with r^ard to wood- 
charcoal especially, viz. its power of absorbing and retaining gases ; 
one volume of this substance absorbing of ammonia, for instance, 
90 ▼<dumes ; of carbonic acid, 35 ; and of oxygen, 9 volumes. 

As a chemical agent carbon has little power, possessing as it 
does, bat a slight tendency to combine with other elementary 
bodies, oxygen and sulphur excepted. The chemist has therefore 
little influence in effecting artificial combinations between carbon 
and other bodies directly. Nevertheless there is no element 
which plays a more active or universal part in the chemistry of 
nature than carbon. 

n. Boson ss Bo. Of the non-metallic element, or salt-radical 
boron, but little was known until recently. It resembles carbon 
in being tasteless and odourless, and in being, if at all volatile, 
but doubtfully so. Boron differs from carbon by being soluble to 
a slight extent in water, and by not forming compounds with 
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hydrogen, hydrogen and oxygen, or hydrogen, oxygen, and tdtro- 
gen (N), in the same way as carbon. It occurs in natore com- 
bined with oxygen. Boron, like carbon, may be obtained in three 
distinct forms. The first variety, or diamond of boron (a-Bo), 
is a brilliant and extremely hard substance, crystallizing in acute 
octahedra; the second resembles graphite or plumbago most 
^closely in its appearance, and is termed graphkoidal boron, or 
(/3-Bo), while the third variety has no trace of crystalline struc- 
ture, but is a soft brown powder (y-Bo). 

III. SnJOONasSi. The non-metallic element, or salt-radical 
silicon, has been recently investigated. In most of its properties it 
resembles boron, and like that element, occurs in three allotropic 
forms, the octahedral, the grapTdtoidal, and the amorphous^ 

TV, The other four bodieB which are placed in this group, on account 
of a certain resemblance which they bear to silicon in acme physical 
and chemical characters, are of very rare occurrence ; titanium is met 
with more frequently than the others. They stand, together with Tana- 
dium, molybdenum, tungsten and arsenic, on the neutral ground between 
the basic and add elements. 

Bodies which lose their add character completely hy comUnation 

with Hydrogen, 



Name. 



Carbon 



Boron. 



Symbol. 



Bo 



Equi- 
lent. 



12 



Colour. 



Silicon 



Si 



11 



22 



D.* (colourless) 
G. metaUic blue- 
black 
A. black 

' D. (colourless) 
G. metallic blue- 
black 
A. black 

D. (colourless) 
G. metallic blue- 
black 
A. brown 



Specific 
gnvity. 



D. 3-3 to 3*5 

G. 1-9 to 2-3 
A. ? 

D. ? 

G. ? 

A. ? 

D. ? 

G. 2-49 
A. ? 



* D. refers to the diamond form of the element ; G. to the gri^hit<ndal ; 
A. to the amorphous. 
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SUBDIVISION IV. 
NITIIOGEN, PHOSPHORUS, ARSENIC, ANTIMONY. 

These four bodies fonn a very peculiar group, the members of 
which are linked together bj close chemical similarities^ although 
difTering greatly in their physical character : nitrogen, for in- 
stance, is a gas which has never been condensed ; phosphorus is 
a solid occurring in two allotropic forms ; and arsenic is a sub- 
stance frequently classed among the metals. For the true metallic 
elements these substances have little affinity, although they do 
eombxne with some of them, especially with the more energetically 
basic; but for hydrogen they have a greater chemical attraction, 
TmitiTig with three equivalents of that substance to form gases 
which partake in a greater or less degree of the basic character 
of the hydrogen. Perhaps the most striking compounds they 
yield are those with oxygen, with which element these radicals 
unite in several proportions; the combinations which contain 
three or four equivalents of oxygen being most energetic compound 
aeid-radicals. 

I. NrcBoeiarasN. The non-metallic element, or salt-radical 
nitn^n, is a gas at all known temperatures and pressures. 

It forms four-fifths of our atmosphere, in which it is com- 
monly said only to subserve the end of diluting the oxygen, and 
preventing it thus from exerting too violent an action on the 
animal respiratory organs, and the processes of combustion which 
are continually taking place upon the earth's sur&ce ; but it is 
probable that it plays another very important part in nature's 
economy, and that the vegetable world has the power of mth- 
drawing it in some manner from the atmosphere^ and consoli- 
dating it in the various organisms in which it occurs combined 
with carbon, hydrogen, and oxygen. 

This element is prepared directly from the air, in which it 
exists merely mechanically mixed, not chemically combined, with 
oxygen, by removing the latter ; this is done by the introduction 
of a substance capable of combining with the oxygen, leaving 
meanwhile the nitrogen unabsorbed; there is no difficulty in 
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finding Buch an agent. If the metal copper (Ca), e. g., bo heated 
in a tube and atmospheric air paaaed over it, the copper with- 
dravs the oxygen, so that the gas 
collected at the delivery-tube is pure ^' ' 

nitrogen. Or, again, if a portion of — 

air be confined in a jar over water and 
a piece of Bulphur (8) or pbosphorufi 
(F), contained in a cup floating on 
the liquid, be ignited by a red-hot 
wire, the sulphur or phoqiborua in 
bnming combines with tlie oxygen, 
leaving the nitrogen free : the oxygen 
compound of sulphur (or phosphonu) 
formed is absorbed and dissolved by 

the water. By this second method the student had better pre- 
pare some iutr(f;en, and notice — 

That any enbstance which bums in the atmosphere is inune- 
diately extinguished upon being plunged into this gas, ramply 
because it is no longer in contact with an element with which it 
can combine. 

The gas nitrogen has a specific gravity of -972 ; it is less 
soluble in water even than oxygen, water dissolving only '016 of 
its vdume. Its chemioal actions in the free state are so feeble, 
that nitrogen is commonly chosen as the type c€ chemical indif- 
fcr^ice ; the elements for which it seems to have considerable 
affinity are potassium (E), sodium (Na), ix., hydrogen (H), 
carbon (C), and oxygen (0) ; but unlike most of the other ele- 
ments which have passed under review, nitrogen is not known to 
combine with any other element directly ; the only exceptions to 
this behaviour are in the cases of titanium (7i), and perhaps of 
boron (Bo). Titanium combines with nitrogen with the utmost 
avidity, precisely in the same way as the metals with oxygen or 
chlorine, &c. 

n. FaosPHOBDSsP. The non-metallic element, or salt-radical 
phosphorus, is a solid at the ordinary temperature. 

Phosphorus, oxidized as phosphoric acid, is very widely dis- 
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tribated throughout XLatore, although it occurs in small quantities. 
It is found in most rocks and soils ; from thence it passes into the 
Tarions v^etable organisms, these in their tnm supplying it to 
animals, to whom it is strictlj essential for the fbnnation of their 
skeleton. 

The bones of animals, which contain, after calcination and 
removal of the oiganic constituents, 77 per cent, of phosphate of 
calcium, constitute the great source whence phosphoms is ob- 
tained. They are digested with sulphuric acid (H^SO^), which 
removes the greater part of their calcium as sulphate of calciiim 
(Ca^SOJ, leaving an acid phosphate of ealdum (CaH^PO^). 
This, when thoroughly dried and then ignited, is intimately mixed 
with one-fburth its weight of wood-charcoal, the mixture being 
afterwards placed in an earthen retort and strongly heated. Part 
of the oxygen of the phosphate of calcium is removed by the 
carbon, and phosphorus distils over. The annexed equation ex- 
presses this debompositiGn symbolically : — 

4(CaPO,)+6C«5CO+Ca, P,0,+2P. 
Air is of course carefully excluded in this experiment. 

The student should examine the following properties of phos- 
phoms: — 

(a) Its ''phosphorescence,'' the lambent greenish-blue light 
which it exhibits when exposed to the air in a dark place. 

(fi) Its ready fusibility : for this puipose a small piece should 
be placed in a flask, then be covered with water, and afterwards 
heated gentiy. 

(y) Its ready inflammability when heated in the air. 

(2) Its inflammability even under water, if melted and sup- 
plied with sufficient oxygen. For this experiment a few small 
pieces of phosphorus are to be placed at the bottom of a beaker in 
contact with some cr3rsta]s of chlorate of potassium (ECl 0,) (a 
salt which was mentioned when treating of oxygen). The frag- 
ments are then to be covered an inch or two deep with water, 
and afterwards sulphuric add (H^SO^) poured upon them by 
means of a fimnel-tube, so as to reach the chlorate before dilu- 
tion with the water. The chloric add thus set free (HCIO3) 

c5 
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being a body which parts readily with its oxygen, is at once de- 
composed by the phosphorus, which bums vividly with formation 
of phosphoric add. 

Phosphorus, as it usually occurs, is a solid having the density 
of 1*83; it melts at 44"" C, and boils at 290°, forming a Tapour 
the density of which has been found to be 4*355. Iliosphorus is 
insoluble in water, but excessively soluble in bisulphide of carbon 
(CS,). Its affinity for oxygen is so very great, that if exposed to 
this gas it gradually combines with it, becoming converted into 
oxide ; and if the temperature be but slightly raised, this affinity 
increaBes so greatly that the phosphorus enters into combustion. 
This element presents the peculiarity which has been stated to 
belong to sulphur, carbon, boron, and silicon, namely, that of 
aUotrapyy and which oxygen also probably presents, since ozone 
seems to be only a modification of that element. If the ordinary 
phosphorus is exposed to a heat of 215° — 25QP C. out of contact 
with the air, it becomes converted into the second variety (jS-F)^ 
which, by further heating to the temperature of 260° C, may be 
reconverted into the original form. The differences between these 
two forms of the element are these :— ordinary phosphorus (a-P) 
is a wax-like solid, translucent and nearly colourless ; its specific 
gravity is 1*83, and it combines with oxygen at 75° C. with in- 
flammation, and is phosphorescent at ordinary temperatures; 
while the second variety (/3-P) is a red uncrystallizable solid with 
an almost metallic lustre on the fractured suifeuse, with a specific 
gravity of 2*089, and admitting of exposure to atmospheric air 
without combining with its oxygen, unless heated to 260°, the 
point at which the ordinary modification is r^enerated; it is 
not in the least d^;Tee phoGphorescent. A third variety of phos- 
phorus (y-P) has been obtained by heating ordinaxy phosphorus 
considerably higher than its melting-point, and then suddenly 
cooling it. In this state it is black, but will recover its former 
translucence, &c. when fused and slowly cooled. 

m. AssENicssAs. The non-metallic element, or salt-radical 
arsenic (for so we may venture to call it, although since it has some 
claims to be considered a basic element we have already, in Chap. 
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H., mentioned it among those bodies), is a solid at the ordinary 
temperature. 

Arsenic is sometimes found in a pure state in nature, but more 
frequently associated with metals, such as iron (Fe), copper (Cu), 
nickel (Ni), cobalt (Co), &c. ; it is obtained in the form of an 
OQcide by heating these compounds in a current of air, and from 
this the arsenic is separated by the action of carbon. 

The student should observe — 

(a) The volatility of this substance, and its peculiar physical 
characteristics, and particularly its garlic odour. 

(fi) Its ready conversion into a white crystalline sublimate 
(AB3O,), when heated in a current of air. 

Arsenic has a metallic appearance, with a steel-grey lustre. 
It crystallizes in tetrahedra, and is very brittle. Its density is 
5-75 in the soUd form, 10*39 in the gaseous. It volatilizes at 
300^ G. It IB tasteless, insoluble in water, but soluble in hydro- 
chlorie acid (Hd). When powdered arsenic is thrown into a 
jar of chlorine gas, it combines with that gas, forming chloride of 
anenic (As 01,). Arsenic combines very readily with hydrogen 
to form arseniuretted hydrogen (AsH,), but does not seem 
capable, like nitrogen, of forming a stable compound containing 
another equivalent of hydrogen, together with one equivalent of 
some such add radical as chlorine, in which compound the group 
♦YH^ plays the part of a powerful basic radical. Some arsenic 
eompounds have indeed been obtained formed on this type, but 
th^ are in general very unstable. 

lY. ABTDcoKTssSb. This substance, which has already been 
noticed among the basic elements, may also be regarded as a body 
possessed of add characters. In its combinations it closely re- 
sembles arsenic, and forms with hydrogen an analogous compound, 
antimoninretted hydrogen (SbH,). Antimony is the link between 
this class of salt radicals and the basic elements, of which latter 
the metal bismnth la generally considered to present the greatest 
resemblance to antimony. 

* Y represents nitrogen, phoephonis, &c. 
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Bodies which acquire a bcufic character by combining with 

Hydrogen. 



Name. 


Symbol. 


Equi- 
Tftlent. 


Colour. 




Mddiig- 
point. 


Boiling, 
point. 


Nitrogen 

Phosphorufl .. 

Arsenic 

Antimony ... 


N 
P 

As 

Sb 


14- 
31- 

75- 
120-3 


(oolourlees) 

' a. white 
• /3. red 
y. black 

steel-grey 

white 


•972 

V. 

H fa. 1-83 
"• 1 p. 2-089 

rV. 10-391 

IS. 5-75; 

671 


• • • 

a. 44-2 1 

i8.25o- ; 

• • • 

4-30 


« • • 

290° 

300° 

r white 
heat 



CHAPTER IV. 

THE LAWS OF CHEMICAL COMBINATION. 

The two great classes of elements with which the student has 
now become acquainted have the most powerful attraction for 
each other; they combine together, and in so doing are said to 
exercise mutual chemical affinity. When hydrogen (or any other 
basic element) unites with oxygen (or any other acid element), 
the properties which these elements possessed previous to their 
combination are nullified, and in the compound produced we no 
longer recognize the characters of its components. The extent of 
this neutralization varies with the nature of the combining bodies, 
and is more or less perfect as the elements concerned occupy more 
or less completely corresponding positions in their respective 
scales. Thus when potassium combines with chlorine, or sodium 
with bromine, or barium with iodine, or calcium with fluorine, or 
iron with sulphur, or hydrogen with oxygen, substances are pro- 
duced which are said to be perfectly neutral, since in them no 
indication of the specific properties of the basic or acid eonstituent 
can be observed ; but if a body at the summit of the basic scale 
be united with one low in the opposite list, or vice vend, then the 
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properties of the more energetdo element are found to predominate 
over those of the weaker, and the resulting compound exhibits 
either basic or add properties: the two classes of such com- 
pounds, which are particularly abundant, are by an unfortunate 
nomenclature termed hoses and acids, on account of their ex- 
hibiting, for the reason above given, either basic or acid proper- 
ties ; they are the combinations which oxygen produces with the 
metals, and hydrogen with the salt-radicals. 

The doctrine of dbfihite FROPOBnoirs lies at the very founda- 
tion of the science of chemistry, and when any two elements are 
said to combine, it must be understood that they unite in well- 
defined ratios of weight and volume, which, to produce the same 
substance, are under all possible drcumstances accurately the 
same. It matters not, for instance, whether hydrochloric acid 
(HCl) is produced by the simple union of its components, hydro- 
gen and chlorine, or by any more complex mode of formation ; 
1 part by w^ht of hydrogen will always unite with 35*5 parts 
by weight of chlorine, while the gaseous bulks of these two 
quantities of matter will be equal. Again, those quantities and 
VQlumes of the other elements which are capable of replacing the 
hydrogen or the chlorine respectively in the typical compound hy- 
drochloric acid (HCl) which we have chosen, are equally constant, 
and when once accurately determined, serve for ever as indubi- 
table ^aets upon which to build the superstructure of chemical 
reasoning : the annexed list shows this clearly : — 



Ponnula. 

Hydrochloric add HCl 

Chloride of aodimn NaCl 

Hydrobromic add HBr 

Bromide of sodium NaBr 



Propottioii by Weight. 
H= 1 Cl=35-5 
Na=23 a =35-6 
H = 1 Bt=SO 
Na=23 Br=80 



PlroportioQ by Volume. 
H=l Cl = l 
Na=l Cl = l 
H=l Br=l 
Na=l Br=l. 



The term sanvALKHT, or combining proportion, is applied to 
the quantities which thus enter into these most simple combina- 
tions ; and in compounds more complex than these, the law of 
definite proportions still holds good ; for if the elements exist 
in larger quantity, that amount is invariably found to be some 
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multiple of the original Gombiniiig proportional^ or to bear some 
simple relation to it. 

But it must be observed that certain add elements combine 
with 2y others again with 3 equivalents of basic element: 
such are the elements oxygen, sulphur, selenium and tellurium, 
which combine in the proportion of 1 volume or 1 equivalent 
with 2 volumes or 2 equivalents of hydrogen, sodium, &c., and 
are consequently sometimes called bicUamiey from their being thus 
equal to two combining proportions of chlorine or its con- 
geners ; while the members of a third class of add elements, as 
nitrogen, phosphorus and arsenic, unite in the proportion of 
1 volimie or 1 equivalent with 3 volumes or 3 equivalents of 
bade element, and are said to be triatanne, that is, equal to 
3 equivalents of chlorine, bromine, &c. The nature of the com- 
binations which the second or biatomic class of add elements 
forms, is exemplified in the following Table : — 



Fonnnla. 
Water, or oxide of by- 1 jr q 

drogen J 

Oxide of oadmimn Od^O 

Hjdrosolphurioadd... H, S 
Sulphide of meroiuy . . . Hg^ 8 



Proportion by Welglit. I Proportion bj Volume. 



H, = 2 0=16 

Cd, = 112 0=16 

H, = 2 S=32 

Hg3=200 8=32 



H, =2 0=1 

Cd,=2 0=1 

H, =2 8=1 

Hg,=2 8=1. 



When these combinations take place, if the body produced re- 
mains a gas, it is found to be condensed to 'Irds the volume of its 
gaseous constituents, t. e. the 3 volumes of which it was composed 
occupy, after combination, the space of only 2. 

The combinations formed by the members of the third class of 
add-radicals, those to which the name ''triatomic" has been 
assigned, are shown below ; thus — 



Fonnnla. 

AnunomA H, N 

Phosphide of copper Cu,P 
Arsenide of nickel ... Ni, Ab 



FkoportioB bf Weight. 
H, = 8 N =14 
Cu,=06 P =31 
Ni,=88-6 As=75 



Proportion bjr Vohme. 
H, =3 N =1 
Cu,=3 P =1 
Ni,=3 Ae=l. 



When it is posdble to examine this third class of compound sub- 
stances in the gaseous state, its members also are found to have 
suffered condensation, and that to one-half the gaseous bulk of 
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their componeiits : thus the 2 volumes of the eondensed oom* 
pound contain the 4 Tolnmes of which it is composed. 

In this maimer we find three series of bodies remaiicable in 
their relations of weight and Tolmne. 

Ist series : sofEers no condensation in combination, — 



2to18. 



remain 



2Tok. 



H a 



H 



a 



2nd series : suffers a condensation to two- thirds, — 

3 toIb^ become 2 toIs. 



H H 



H,|0 



3id series : suffers a condensation to one-half, — 

4 toIa. become 2 toIs. 



H 


H H j N 



H. y 



The different wturoHng power possessed by the three classes 
of these add elements, and shown bj the formnlae given above 
(Hd, HgO^ H,!^', ftc.)y is not confined to them alone, but is 
manifested, as will be seen presently, in nnmerons compound 
moleenlesy which present analogous features, and are capable of 
replacing the simple bodies just alluded to. 

The term <<salt" is generally applied to those of the above 
combinations iq which the properties of the constituents are com- 
pletely, or nearly completely masked and merged in those of the 
new substance, which is thus in every way dismmilar from its 
components ; thus the combination of potassium and chlorine, or 
sodium and iodine, gives rise to sabstances in which no property 
of the component elements is retained ; the metal in each case 
has lost its metallic character, and has no longer any tendency to 
combine with a farther quantity of the acid element, while the 
salt-radical has entirely parted with its odour and its distin- 
gaishing chemical properties, and cannot be expelled from the 
combination into which it has entered by the application of the 
highest temperature. The compounds formed in either instance 
being soluble, are also found to have acquired the peculiar taste 
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which is well known as '' saline/' and are no lon^r such power- 
ful chemical agents as their uncombined constitaents. 

The remarks now about to be made apply chiefly to that class 
of bodies in which the opposed elements which constitute the 
salt are united simply in the relation of their saturating power, for 
to these the term '' salt" or " saline combination" is almost ex- 
clusively applied; water (H^O), for example, is not the only 
oxide of hydrogen ; there is another, the peroxide of hydrogen 
(HjOj), in which it will be observed that the double biatomic 
molecule 0, (0^= H^) is only combined with the double monatomic 
molecule of hydrogen, H, ; the compound H^O, cannot therefore 
be said to contain the elements hydrogen and oxygen in the 
simple relation of their saturating power, at least as that has 
been determined by such observations as those just detailed. 
Cases of combination of this nature will be presently adverted to. 
With regard, however, to this simplest class of compounds now 
under consideration, the perfect neutralization of the chemical 
properties of their constituents only holds good, as was just now 
stated, when the intensity of the antagonism of the two bodies is 
nicely balanced ; but regarded theoretically, the constitution of a 
salt does not depend upon the nice adjustment of this equilibrium^ 
it simply requires the union of an add with a basic element ; and 
viewed in this light, the combinations of oxygen with metals, or 
of hydrogen with salt-radicals, are true saline compounds, al- 
though with the more basic metals the feebly add character of 
the oxygen is more than counterbalanced, and the compound 
remains basic, while the intensely acid character of the more 
powerful salt-radicals overcomes the weak bade properties of the 
hydrogen, and such combinations are therefore found to be add. 
To illustrate these facts, and to exhibit the differences incident 
upon the varying apportioning of bade and acid element^ the 
following cases are given : — 

Cla« I. C1m8 n. Claas III. 

Bade ? K,0 H3N 

Neutral NaO Kfi ? 

Add HCl ? ? 
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In the first of theee dassoB the oompoimd "with prepanderanoe 
of base is wanting, because the intensely powerful add element 
is canable of completely neutralizing the most energetio basie 
element; in the second dass, the add compound is defidenty 
because the less powerfdl add element is incapable of effiscting 
more th3n the neutralization of a less energetic bade dement, 
hydrogen ; in the third dass, the very weak add element is in- 
capable even of the neutralization of the bade constituent, hydro- 
gen, and consequently both the add and neutral compounds are 
absent ; at least it is probable that such is the case, although the 
inertness or insolubility of the members of this series (Ag, P, H, As, 
&c.) does not allow accurate observations of their relations to 
neutrality to be made. 

Hitherto we have been regarding the multiplication of satu- 
rating power on the part of the add elements only, but the same 
thing occurs also in the case of many bade elements. Two in- 
stances, those of the metals iron and copper, will suffice to show 
this, the comparison being made in each case with salts of the 
same add-radical, and in which the monatomic molecule of the 
metal is supposed to exist either singly or multiplied. 

SALTS OF lEOK. 

Chloride. Oiidfl. Phosphide. 

Ferrous* FeCl Fe^^O Fe, P ? 

Ferric Fe,Cl, (Fe,),0, (Fe,), P.. 

SALTS OF COPPEB. 

Chloride. Oxide. Phosphide. 

Cuprous ....Cu,Cl (CuaXO {OuOz^ 

Cupric Cua Cu^O Cu,P. 

* It has been proposed by some cheimstB to assume, in the case of iron 
and of eereral other metals, two different atoms or eqniTalents, each oonbining 
with the same wdght of chlorine, Ac., but themsdvee possessing a different 
weight For instance, somd have eren said that the iron ottkferrauswu not 
the same metal as the iron oil tk ferric salt: in the first case it wodd have the 
usual equivalent or atomic weight of 28, and in the second, the atomic weight 
18-66, that IB, frds of the first atom. The two molecules are respectively 
called ferrosum (Fe) and fenicum (fe), and are each equivalent to 1 atom of 
hydrc^gen, bdng each capable of combining with 1 atom of chlorine. Viewed 
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From the aboye Table it will be seen that the oonvezitional ex- 
pression for that salt which contains the greater number of equi- 
valents of the basic, and the less number of equivalents j>f the 
acid element, is -ot» salt, the other being termed the -le salt. 

But when we pass beyond the cases just cited, and examine 
the characters of compounds in which the basic elemenUis com- 
bined with a yet larger quantity of the add-radical, we find that 
the new compound la no longer neutral, but partakes of the acid 
character of the preponderating element. Thus, when in the 
union of chromium or iron with oxygen, the oxygen amounts to 
two equivalents, we find the new body possessing powerfdlly add 
properties, and capable of uniting as a compound acid- (t. e, salt-) 
radical with hydrogen or the metals, thus — 

HCrO, chromic acid. KCrO, chromate of potassium. 
HFeO, ferric acid. KFeO, ferrate of potassium. 

It must not be supposed that two equivalents is the largest 
quantity of oxygen that a compound add-radical can contain: 
permanganic acid, for instance, is the hydrogen salt of a radical 
containing four equivalents of oxygen, thus — 

Tnfn,0^ permanganic add. EMn^O^ permanganate of potassium. 

A precisely similar result occurs when, on the other hand, 
there is a preponderating number of equivalents of basic element 
in a compound. The compound radical ammonium, containing 
one equivalent of nitrogen and four of hydrogen, partakes in a 
striking manner of the basic properties of the hydrogen, which 

in the light of this theory, the ferrous chloride remains Fed, while the ferric 
chloride becomes feCl ; and so on with the yarious oiides. 

To the beginner this may perhaps be eluddated thus : — 

Fed and Fe^Cl, are not comparable^ but d(Fed) or FejCl, is the true 
chemical representative of FegCl,. 

Therefore, Fe, is equal in saturating power to Fe^, for Fe,=28x3, and 
Fe3s28x2 are each equal to d3=d5-5xd: 

Therefore, say some, the metals are different and have di£Garent equivalents, 
which may be obtained by dividing each formula by 3, — 

?^=Fed; and ?S^=J(Fe)d; 
then Fes28, and |Fe or fe=: 18-66, are each equivalent to d=d5-5. 
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oonstitQtes so large a proportion of the compound ; and itis fbond 
to play the part of a base almost as energetically as potassium or 
soditim, combining with the acid*radicals to form very stable salts, 
the salts of ammoninm. 

From the capability of the basic elements of combining with 
every acid element, and vice versd^ whether the opposing ele- 
ments are unequal or equal in intensity of antagonism, results 
that large class of chemieal changes known as " double deoom- 
positiona." They arise in many instances £rom bringing together 
a pair of salts the constituents of which are not well apportioned 
to each other, but which, by an interchange of their basic and 
acid elements, would become exactly, or at least more nearly ba- 
lanced in antagonism : let us take an extremely simple instance : 
-^oxide of sodium or soda (Na^O) is a salt in which the basic 
properties of the sodium preponderate vastly over the acid ten- 
dency of the oxygen ; chloride of hydrogen or hydrochloric acid 
(HGl) is a salt in which the precise reverse obtains, as we have 
before seen ; now, if these compounds be mixed, the opposed 
elements of each being much more nearly the exact counterpart 
of one another, unite, forming two new compounds which are 
fetr more stable than those formerly existing, since the mutual 
antagonism of their components is more perfect : — 

Na,0 + 2HC1«H,0 + 2NaCl. 
This apparent election, which bodies make when they are, as it 
were, at liberty to choose with what they wiU combine, has been 
variously termed ''elective affinity," ''chemical affinity," and 
" chemical attraction." In reality, it is in every case the effect of 
many causes, — the resultant of many forces ; we cannot, how- 
ever, enter now into the details of their action, except so &r as 
to state that in many double decompositions much depends upon 
isMolubiUty, much upon volixHUhf, and much upon mass. 

It has been lately shown that double decompositions are of 
&r more frequent occurrence in chemistry than was formerly 
imagined ; it was thought that in many cases, especially where 
the elements were concerned, direct combination took place when 
bodies of opposite chemical characters were presented to each 
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other : thus, when chlorine and hydrogen ore mixed in the sun- 
light, and hydrochloric acid (HCl) results from their union, it 
was imagined that a kind of combination occurred, differing from 
that mentioned just now, inasmuch as it consisted in a direct 
union of the molecules of hydrogen and chlorine. Eecent ex- 
periments, however, appear to show that the molecular arrange- 
ment of the elements is not expressed truly when written H 
and Gl, but that their constitution is that of a binary molecule, 
a true salt, in £EU}t, in which the hydrogen or chlorine, or what- 
ever the element may be, is both base and acid ; and that thus 
when HCl is formed by H and CI uniting, the action is as 
follows : — 

HH+C1C1«HC1+HCL 
Numerous instances might be adduced and proofs given, but ere 
here unnecessary ; let it suffice to say that this view seems to 
give one reason why elements in the nascent state are more 
powerful agents than wben liberated. It is argued — since the 
element has not yet united with itself to form a twin atom, 
therefore its combining tendency is still wholly unsatisfied. 

It will at once be seen that if this law of binary combination 
and double decomposition be one of those most deeply impressed 
upon matter, it is likely to prevail in the more complex chemical 
compounds. By chemical analysis it is found, that though among 
the large number of bodies possessuig the general characters of 
salts many consist of but two elements, and those of the opposed 
classes, yet that there are many which have by no means so 
simple a constitution; these, however, participate in the same 
double decompositions as their congeners of a simpler form ; and 
so, when their " elective affinity" is allowed frdl play, we find 
that they transfer to each other their basic and acid compounds, 
just as we have seen the simpler types of salts mutually inter- 
change their basic and acid elements. The occurrence of basic 
compounds is rare ; the bodies of this constitution belong almost 
exclusively to the domain of organic chemistry, and the student 
will for the present have little or nothing to do with them ; with 
one, however, the compound base ammonium (NH^), he will 
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speedily become acquainted ; it is a substance of great importance 
analjidcally^ and is, moreover^ a remarkable instance of the 
manner in which the basic element hydrogen oyeroomes the 
feebly acid properties of nitrogen, and thus confers on their com- 
bination a basic character. The acid compounds are &t more 
numerous and important, and are either produced by the union 
of the add elements among themselTOS, or by their combination 
with baoc elements in such proportion as to allow of the pre- 
ponderance of their own properties over those of the basic ele- 
ments. It is singular also that many of these acid compounds 
result firom the combination of the two acid elements, sulphur and 
oxygen, with the remaining bodies of their own class ; the com- 
position of a few such compounds is given below, with the names 
which, by long usage, have become attached to them and cannot 
be desirably removed, althou^ they must be regarded as wholly 
apart from any theoretical considerations touching the nature and 
constitntion of the bodies which they designate ; the examples are 
given as existing v\ saline combination with hydrogen : — 

m^^O, HCIO HCIO3 

Nitric add. Hypochlorous aoid. Chloiie acid. 

H,SO, H.CO^ H,c,q, 

Sulphuric add. Carbonic add. Oxalic add. 

H3PO, H3Cfdy* H,at 

Phosphoric add. Hy dr oferricyanic add. Citric add. 

'With regard to the nomenclature of these compounds, it may be 

as well remembered that (with one or two exceptions, as in the 

case of sulphocyanogen (CyS)), when the compound acid portion 

of a binary combination contains no oxygen or sulphur, the 

termination of its own name is altered into -ide when we wish 

to designate any compound which it forms with a basic element, 

thus: — 



CNCN 




CI CI 


SS PP 


Cyanogen. 




Chlorine. 


Sulphur. PhoephoruA. 


KCN 




NH.Cl 


Fe,8 Ag,P 


pyanide of potas- 




Chloride of 

• 


Sulphide of Phoepfaide of 
iron. snyer. 


dum. 




ammoniuni. 


♦ CfdysFe, 


C,Ne. 


t S=C,H,07. 
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An ezoeption is here made when these add bodies unite with 
the basic element hjdrogen ; and though it is chemically correct 
to call such a compound as HGl " chloride of hydrogen/' yet con* 
ventionality demands that it be also termed '< hydrochloric or 
chlorhydrio acid ;" and thus with all such compounds. 

Now, if oxygen be present in the add compound, a totally 
distinct nomenclature is adopted; these bodies combined with 
hydrogen constitute a veiy large section of the so-called adds, 
and receive either the termination -ic, as nitrte acid (HNO,), or 
«ous, as hypochlorouf add (HCIO). When the hydrogen in one 
of these groups has been replaced by another bade element, the 
designation that previously terminated in -ic now ends in -ate, 
and that in -ous in -ite ; as nitrate of potaadum (EI^O,), and 
hypochlorite of oaldum (CaClO). From the following Table of 
the hydrogen and potasdum salts of some compound add-radicals 
which contain sulphur and oxygen, the student will perceive the 
usage and changes of these terms :-— 

HyposnlphurouB add H, 8, 0, Hypoeulphite of potMnum E, 8^ O, 

Sulphurous add H, SO, Sulphite of potasrium K, SO, 

Sulphuric add H^SO^ Sulphate of potaadum K^QO^ 

Here is a similar Hst, containing the hydrogen and potasdum 
salts of a series of compound add-radicals formed by the union of 
chlorine and oxygen :— ^ 

HypochloiouB add ...HOlO Hypodilorite of potaadum... KdO 

Chlorouaadd HCIO, Chlorite of potaadum EClO, 

Chloric add HCIO, Chlorate of potaadum KQO, 

Perchloric add H CIO4 Ferchlorate of potaadum . . . K CIO4 

It will have been observed, that in the Table of acids given at 
page 45 there are three classes of those bodies, distinguished by 
containing a different amount of hydrogen, that is, of bade ele- 
ment : these classes are the groups of numobadc, ^"basic, and tri- 
basic acids which contain add-radicals requiring these different 
amounts of bade element to satisfy their respective combining 
powers ; and if the student will refer to what was said regarding 
the three series of acid eUmenta at page 38, he will at once per- 
ceive that these three series of eompotmd add-radicals accu- 
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mtely oorrespond ivith them. This idation may be exhibited 
thus: — 



•a 
QQ 



Acn> 



I. 

Monatomie. 



[ CUoriSs of silTer, SulphictoofBilTer. Fhoephi 



n. 

Biatomio. 
S 



Series m. 

Triatomio. 
A&P 
tiiaeof ri 



•ilver. 



Acn> 



f Monobasic. 



Bibaaic. 



Tribaaio. 



IXJHPOTOTOS [Chlorate of aQyer. Sulphate of saw. Phosphate of sUver. 



The difbrence between a fbrrooa and a femo, between a cu- 
prous and a cupiio salt of an eUmewtary acid'-radieal, has been 
already painted out; it now only remains to transfer this di« 
stinction to the oorresponding salts of the eofT^ound aeid^radiedla. 
We will take potassium^ iron, and bismuth as the basic elements 
in our salts ; and, for the compound aeid-radioals, those existing 
in the nitric, sulphuric, and phosphoric acids. Now, potassium 
is monatomie, i. e, K^a^pH^ ; and iron is sometimes sesquiatomic, 
t.e.FejsHi4, or Fe^sH,; while bismuth is triatomic, t. e. BijSsH,, 
Taking these values, we arriye at the following formulaa for the 
different salts of the same acids :— 



Series I. 

Honatomic. 

KNO, 
Potaasic nilrate. 

Fe.(NO.). 
Ferric nitrate. 

Bi(NO,), 

Bismnthio nitrate. 



Series 11. 

Biatomic. 

K3SO, 
Potassio sulphate. 

(Fe,).(80,), 
Ferric sulphate. 

BL(SO,), 
Bismuuiic sulphate. 



Series in. 
Triatomic. 

Z,PO, 
Potaaeic phosphate. 

Fe,PO 

Ferric phosphate. 

BiPO, 

Bismuthic phosphate. 



Here it is seen how the formula of the same description of salt 
varies, not only with the saturating power of the add body, but 
slso with the atomic fbnction of the basic constituent. 

A word in explanation of a term in general use, the term 
" basic salt : '* — ^when an absolutely perfect double decomposition 
does not occur, the precipitate produced, instead of being a pure 
salt, is a compound one; this may be best illustrated by a hypo- 
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thetical example, where M stands for a basic radical, such as one 
of the metals — 

20MCl+19KHO=19(MHO),MCl+19Ka. 

V ^ . 

Basic salt 

With regard to solvents ; — ^the action of these agents is exceed- 
ingly obscure ; they appear to ^ilBl an office intermediate between 
chemical union and mechanical mixture. The student had better 
regard them simply as agents for presenting bodies in a liquid 
form, and as rarely participating in the chemical actions which 
take place in their veiy midst : of course they do occasionally 
exert very powerfol chemical actions ; but these instances can be 
readily discriminated. The more stable the equilibrium of a 
body, the less chemical influence is it likely to exert ; and thus 
Water is fbr less likely to interfere than the adds, and is for this 
reason always employed whereyer it is practicable, as the solyent 
to which the least objection can be raised. 



CHAPTER V. 

OF REAGENTS. 



Bbaqsnts are those tuhitanoes wbich by admixture we bring to act upon the 
bodies we desire to analyse, in such a manner as to produce certain phe- 
nomena which shall prove indubitably the presence of the substance sought 
for. If in such circumstances the expected effect is not produced, we must 
infer the absence of the object of our search. 

It is obTioujdy, therefore, of the greatest importance that the reagents which 
are employed in chemical analysis should, if not absolutely pure, at least be 
free from substances which would interfere with the indications which they 
are employed to give. The amount and the nature of the impurities which 
they contain shoidd be accurately known. 

Most of the reagents in common use are met with in commerce of suAdent 
purity to allow of their application in all but the more delicate operations of 
analysis. Por certain special cases, however, as in legal investigations for 
the purpose of ascertaining the presence or absence of poison, too much care 
cannot be bestowed upon the preparation of absolutely pure reagents ; and in 
such instances it is generally necessary for the chemist to ensure the purity of 
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ibe inatmalB he employs by preparing, or at least Bcnipuloualy purifying 
them hunaelf . 

The oidinary methods of purification are briefly these : Bublimation, Ciy- 
■tellization, Pxedpitation, and DisfciUation. 

SiTBLnATiON can only be resorted to when it is desired to free a body solid 
at ordinazy temperatures, but Tolatile at » higher degree of heat, from non- 
Tolatile impurities ; iodine is usually purified in this way : many mercury 
and Mwwimtinni 9aXt§ mig^t also be thus freed from accompanying foreign 
matten which were not Tohitile. In the sublimation of many substances it 
is amply necessary to place the substance in a dish orer which is fixed a tall 
beaker or bell-jar, which may be luted or otherwise attached to the dish 
below ; if the dish containing the subetanoe is now heated, the Tolatile sub- 
stance (iodine, oxalic add, &e., as the case may be) rises in vapour, — spee- 
dily howerer condensing on the cold surface of the receiTer aboTe* 

Cktstallixatiok is perhaps the meet commonly adopted of all methods of 
pnrificatiosu In general, substances dissolve more abundantly in hot than in 
cold solYeBOfts. If then at some given temperature a menstruum, as water, 
alooiiol or »ther, be saturated with any solid body (t. e, supplied with it until 
no more is dissolved), the solntaon perfectly transparent at that degree of 
heat, wHl, as soon as the temperature diminishes, deposit some of the dis- 
solved matter in the eolid form. In the same manner let a given bulk of a 
satumted solution of almost any substance be taken, and without increasing 
its temperature, let its volume be diminished to one half (as by slow sponta- 
neous evaporation), then a considerable portion of the solid matter before 
held in solution will be found to have separated in the form of crystals. 
Upon these two frets is based the method of purification by crystallisation. 

Salts difibr much as to their solubLUty in the same menstruum ; and by 
taking advantage of the facts which experimenters have accumulated upon 
this poin^ we can separate difibrent compounds with considerable accuracy 
bj evaporating the s^ution containing the mixture, we will suppose of two 
salts, to that degree of concentration at which one of them will almost 
entirely separate, while the other will remain almost as wholly in solution. 
By the repetition of this process upon the already partially purified product 
of the first crystaQixation, greater purity is attained. But witii many articles 
of oommeroe one carefully conducted crystallization is often found sufficient 
The technical name for the liquid remaining after the separation of the 
oyatals is " mother-liquor," while the successive products of the crystallizing 
process are spoken of as " crops'* of crystals. 

PuBCiFiTATiOK is frequently employed when the substance constituting 
the impurity is known to form an insoluble compound on the addition of 
some reagent the introduction of which does not interfere with the efficiency 
of the reagent we seek to purify. Let it be supposed that chloride of am- 
numinm (IVH^Cl) is tiie substance with which we wish to deal. Now the 
imparity which this salt commonly contains is chloride of iron (FeCl) ; to 
separate Hiis the substance is dissolved in water, and a few drops of sulphide 

D 
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CHEMICAL SEACTIONS. 



of ammonium, (NH^)^ S, are added to the aolixfcion ; the Uack sulphide of iron 
(Fe, S) is formed and precipitated, its remoTal heing effected bj paaaing the 
liquid through a filter, while the reagent added, ao far from oontaminating 
the chloride of ammonium by the deoomposition, itKlf helps to form an ad- 
ditional quantity of that aalt^ the ammonium originally oombined with the 
sulphur uniting with the dblorine of the chloride of iron (NH4)2S+2FeCl 
sFegS+^NH^Cl: if any ezoess of the alkaline sulphide has been added, 
by boiling the solution it may be yolatilized and thus removed. However, it 
is not often possible thus to remove the excess of the substances introduced in 
order to precipitate impurities ; but care can then be taken that the foreign 
substances unavoidably brought in shall be such as do not interfere with the 
reactions which the purified substance is intended to exhibit. SometLmes, on 
the other hand, the pure substance is precipitated by an appropriate reagent, 
leaving the impurities in solution, being therefore just the reverse of the 
preceding process. 

DiSTiLLATiOK is always used to separate a liquid which vaporises at a cer- 
tain temperature from otiier liquid or solid matters which are not volatile 
at that temperature. Most liquids when heated to a certain point which is 
peculiar to each substance, boil and are converted into vapour, and in this 
condition of vi^ur they remain as long as that d^greeof heat is maintained, 
but no sooner does it diminish, than they again return to the liquid form of 
matter. The apparatus employed i» generally the following :— A is the retort 

Fig. 3. 




in which the liquid is placed, the temperature being indicated by the ther 
mometer B, and regulated accordingly ; the only way of escape for the vapour 
which rises from the boiling liquid is through the neck C into the apparatus 
D D, which is a glass tube passed through an outer tube of sine or copper, 
dd, the space between (liese two tubes being occupied by cold water; the 
vapour is thereby cooled completely, and consequently reduced to the liquid 
state, in which condition it flows through the adapter B, and iasues frcm the 
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point F into the reooTcr &. By thk proeew of diitillttion mrwtnl ISqnida of 
different degrees of Tolatility maj be sepanted, the "dietillatm" being pte- 
seiTed apart, while non-Tolatile ■abetanoee, idiethar eolide or liqfaide, in ne- 
peoflion or eolulion, may be ramored, nnoe thej remain in the retort when 
the Tolatile mattere hare paesed orer ; this sepantion is of course more easily 
effected tiian that of Yolatile liquids from liquids of different rdatility. 

We here give a list of the reagents employed in analynsi separating^ how- 
ever, those commonly used from those employed for special purposes. 



LIST OF BXAeSNTS XKPXOnCD IV CHZiaCAl AX 



aUtbib, 

The reagents to wbkh an asterisk is aiBxed are empbyed in the solid state 

the remainder dinolTed in water. 



Oeneral Beagents, 

BASIC ELBIOEIVTS. 

«Zinc (Zn). 

BAI/n OV POTAflSnTV. 

*Kitrate of potsssiam (KNO,). 

Cfaiomato of potsssiam (KCrO,). 
vCyanide of potaasiiim (EGN). 

Aoetato of potsasinm (KA). 
'Hydrate of potassiam (SHO). 

Ferrocyanide of potassiimi (K, Gfy). 

^Oarbonatesof pc^assiiim and sodium 

(K,COs+l¥&,CO,). 

8AXAV or sonnm. 

•Oarbonato of sodimn (Nsj, 00,). 
*Biborate of sodium or borsz 
(17a,Bo«07). 
Phosphate of sodium (Na^HPOJ. 

SALTS or AMMOHIITlf . 

Chknide of ammonium (NH^Ol). 
Hydrate of ammonium (HH4HO). 
Iphydrate of ammonium 
(NH4 HS). 
of ammonium 
([KH,],CO,). 
Oxalate of ammonium ([NHJ, O). 

8Ai;rS OF BAUUM. 

OUoride of barium (BaOl). 
Hydrate of barium (BaHO). 




Special JReagents, 

BASIC ELmOENTS. 

»Inm (Fe). 
•Copper (Cu). 

BAMV or POTABSIUM. 

Iodide of potassium (Kl). 
Sulfdiooyanide of potassiam 

(KGNS). 
Silicate of potassiam (ESiO, ?). 
Sulphydrato of potassium (KHS). 
Sulphate of potassium (E, SO4). 
Acid metantimoniate of potsssium 

(K,H,Sb,0^). 
Femcyanideof potassium (K,Cfdy). 

8Ai;r8 or bopium. 
Aoetato of sodium (Na A). 
Hydrate of sodium (NaHO). 
Sulphydrato of sodium (NaHS). 
Sulphito of sodium (Na^ SO.). 
Phosphato of sodium and ammonium 

(NaNH^HPOJ. 

SALTS or AXMOVIUK. 

Molybdato of ammonium 

(NH4 MoOa). 
Aoetato of ammonium (NH^ A). 
Phosphato of ammonium 
([NHJ,HPO,) 

SALTS or JUAftlUM. 

•Fluoride of barium (BaF). 

B 2 



52 



CHSKICAL BEACnOKS. 



SALTS 07 CALCIim. 

Chloride of oaldum (CaCl). 
*Oxide of caldum (Ca^ O). 
Sulphate of oaldum (Ca, SO4). 

SALTS or IRON. 

^Ferrous sulphate (FegS04). 
Ferric chloride (Fe^Cl,). 

SALT OF COBALT. 

Kitrato of cobalt (CoNO,). 

SALT or SILTBR. 

Nitrate of silTer (AgNO,). 

BALTOr LSAD. 

Acetate of lead (Pb I). 

SALT or PLATIKVX. 

Bichloride of platinum (PtOl,). 

SALT or GOLD. 

Terchloride of gold (Aud,). 

SALTS or HYDRoamr. 

Hydrochloric acid (HCl). 
Nitric add (HNO,). 
Acetic add (H A). 
Water (Ha O). 
Hjdrosulphuric add (H, S). 
Sulphuric add (H, SOJ. 
OxaUcadd(HaCjOJ. 



ACID XLSMBIVT. 


»Carbon (C). 


TEST PAPEBB. 


Blue litmus paper. 


Bed litmus „ 


Turmeric „ 


Starch „ 


Acetate of lead „ 



«Oxide of barium (Ba,0). 
^Carbonate of barium (Ba^CO,). 

SALT or MAGVXSIUM. 

Sulphate of magnesium (Mg, SO4). 

SALTS or COPPER. 

Cuprous sulphate (Cu^ SO4). 
Cupric sulphate (Cu, SO4). 

SALTS or MRBCURT. 

Mercurous nitrate (Hg, NO,). 
Meronrio chloride (Hgd). 
Meroorio oxide (H^^O). 

SALT or BISMUTH. 

Oxyh jdrate of bismuth 
(BiH,0„Bi,0,). 

SALT or PALLADIUM. 

Chloride of palladium (Pda). 

SALTS or ETHTLR. 

Oxide of ethyle ([C, H,], O). 
Hydrate of ethyle (C, H. HO). 

SALTS or HYDROOBV. 

Sulphurous add (H, SO,). 
Carbonic add (H,CO,). 
Tartaric add (H, C^ H4 O5). 
Hydrofluoailicic add (H, Si, Fg). 

ACID ILRMBIITS. 

Bromine (Br). 
Chlorine (CI). 



OBOANIC B0D£B8. 

*Sugar(C,,H.^Oii). 
^Gelatine ? 



i 



OBGANIC BODY. 

♦Starch (C.jH^o 0,0). 



OF BBAOXNTB. 53 

BAJBIC ELElfS19TS. 

Iron(?e). 
The purert iron met with in oomxneroe ib in ftie fonn of pianoforte wire : 
it should be preeerred in a dosdy-etoppered bottle, together with some 
caiutic lime to prevent oxidation. 

2nc (&). 
One chief impurity of Uiis metal is lead, which, however, does not ordi- 
narily interilBre with its applications. The moat detrimental impurity is 
arsenic, and the zinc employed in analysis should always be free from this 
sobfllanoe : some specimens of commercial sine are quite free from it. It 
should be either granulated or cut into small strips. 

Oopper (Cu). 
The most convenient form in which to employ this metal is that of foil 
or turnings. 

Bams or Potassium. 

Iodide of potassium (SI). 
TUa salt is found of sufficient purity in commerce for ordinary opera- 
tions : ite chief contamination is carbonate of potassium (E^CO,), which may 
be separated by digesting the crude salt in hot strong alcohol, filtering, and 
crystalliang out the iodide. To make a solution for the purposes of testing, 
1 part of salt may be dissolved in 10 parte of water. 

Nitrate of potassium ENO,). 
Commercial nitre is sufficiently pure for ordinary use : ite great impu- 
rities are chloride and sulphate of potassium, from which it may be freed by 
repeated crystallisations. 

Chromato of potassium (KCrO,). 
The salt met with in commerce is pure enou^ for the purposes to which 
it is applied. As the bichromate of potassium is a salt of more common 
occorrenoei it may be used for the preparation of the neutral chromate by 
adding to every 100 parte of bichromate dissolved in water, 47 parte of dry 
carbonate of potaasium (K^CO,). The salt may then be erystalliied. For 
use, 1 part of the crystals should be diaM>lved in 10 of water. 

Cyanide of potassium (K[CN] or ECy). 
Hie cyanide prepared by throwing a mixture of 6 parte of dried ferro- 
cyamde of potassium irith 3 of dried carixmate of potassium into a crucible 
to low redness, is sufficiently pure for ordinary analytical purposes. 
When so heated it decomposes thus, — 

2(KaFeCy,)-|-EaOO,=s6KCy+KPyO-l-2Fe-hC03. 
When ite contente are in a state of tranquil fusion the oruoible is removed 
from the Hre and allowed to stand, so that the partades of iron may subside : 
the fused mass is then poured out upon an iron phite. It oonsisto of cy- 
anide and oyanato of potassium, and should be kept in a well-stoppered 
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bottle. The cyanide may be obtained pure by digeflting the mass in hot 
alcohol, in which the cyanate ia nearly insoluble. 

Sulphocyanide of potaflsium (K[CNS] or K [CyS] or ECsy). 
This salt is prepared by fvudng 46 parts of fjarroc^anide of potassium, 
17 of carbonate of potassium, and 32 of sulphur in a covered iron crucible or 
pan. The fused mass, when cold, is boiled with alcohol ; the sulphocyanide 
crystallises out on cooling. 1 part should be dissolyed in 10 of water. 

Silicate of potassium (ESiO, ?). 
A solution of silicate of potassium made by fusing 1 part of pure quarts- 
sand (Si,0,) with 4 parts of carbonate of potsseium, and dissolTing the re- 
sulting mass in boiling water, is occasionally employed in analysis. The fused 
mass should be first pounded and washed with cold water. 

Acetate of potassium (^[CaH^OJ or EA). 
The commercial salt is sufficiently pure for all ordinary analytical pur- 
poses. 1 part should be dissolred in 4 of water. 

Hydrato of potassium (EHO). 

The salt met with in commerce contains many impurities, of which the 
principal are the chloride, sulphate, and silicate of potassium ; these do not 
generally interfere with its use. But it also contains very finquenUy car- 
bonate of potassium, alumina (Al^ Og), and oxide of lead ; the presence of 
these substances is often Tcry troublesome in analytical processes. The last 
impurity is deriyed from the flint-glass botties in which the solution of 
hydrate of potassium is often kept: Gterman glass bottles should be used 
instead. To obtain the pure hydrate, it is only necessary to dissolye the 
commercial salt in alcohol, in which its impurities are insoluble, and then by 
evaporating the clear part of the solution in a silver diih, the hydrate is ob- 
tained perfectiy pure, if care has been taken to preserve it from the carbonic 
acid of the air. The following is a method of preparing a solution of this 
substance : — 10 parts of carbonate of potassium are dissolved in 100 parts of 
water and the solution heated to boiling in a salver or bright iron vessel pro- 
vided witii a lid : 8 parts of good freshly burnt lime (CagO) are slaked in 
another covered vessel, and the hydrate formed added by degrees to the 
boiling solution of carbonate of potassium, the miirture being constantly 
stirred. The change may be represented thus : — 

K, CO, +2(CaH0)=(\ CO, 4-2KHO. 

The mixture is boiled fbr a few minutes, the lid of the vessel remaining 
on ; the liquid is then allowed to rest until all the carbonate of calcium 
formed has settled, when the dear solution of potassa or hydrate of poi 
sium is poured off into a well-stoppered bottle. 

Snlphydrate of potassium (SHS). 
This salt is prepared by passing sulphuretted hydrogen (H, S) into a solu- 
tion of hydrate of potassium until the liquid has a strong odour of the gas. 

Sulphate of potassium (K, SO^). 
The commercial salt is suffioientiy pure for analytical purposes; it is 
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•ometiniea, however, expedient to reGryBtailize it For a solution for testing, 
1 part is to be diMolved in about 12 of water. 

Aoid mrtantinioniate of potaanum (K, H, Sb^ O^). 

To prepare this aalt^ the neutral antamoniate is at first procured by 
throwing a mixture of 1 part of antimony (Sb) with 4 parts of nitre (KNO,) 
into a red-hot crucible ; when the mass ia cold, the excess of nitre is removed 
from it by digesting the fused mass in tepid water ; the insoluble residue 
still left is then boiled with water for some time, and is thereby dissolved : 
its solution is then evaporated to the consistenoe of a syrup, and solid 
hydrate of potassium added to convert the antimoniate into metantimo- 
niate : the liquid is further evaporated until, upon a drop being taken out 
upon a glass rod, it readily oystallises ; it is then allowed to cool, when a 
cryBtalline mass is obtained containing the acid and neutral antimoniates of 
potassium. The crystals are then dried on filter-paper and preserved dxy 
in a stoppered bottle for use. When required for testing, 1 part is dissolved 
in about 20 of wator at a gentle heat, the solution cooled and filtered. 
During this process of solution the neutral salt is converted by the action of 
water into the acid metantimoniate, hydrate of potassium being produced at 
the same time. 

Ferrocyanide of potassium (K, [FeC, N,] or K, [FeCy,] or 

K^Cfy+liaq)*. 

This salt is met vrith in great purity in commerce : its solution becomes some- 
what albdine on Iceeping. 1 part of salt should be dissolved in 12 parts of water. 

C^urbonates of potassium and of sodium (EjCOj^-NaiCO,). 

The separate salts are mixed in equivalent proportions. The mixture 
fiiees at a lower temperature than either of its constituents. 

FerriiTanide of potassium (K, [Fe, C, NJ or K, [Fe^ Cy J or K, Cfdy ). 

The conuneraal salt is of sufficient purity. This substance is prepaied by 
passing chlorine gas into a solution of 1 part of ferrocyanide of potassium 
(K,Cfy) in 9 parts of water until a drop of the liquid no longer produces a 
blue precipitate or colour in a solution of perchloride of iron (FcgClj). It 
should be cryBtallixed several times: the crystals are of a fine deep red 
ooloor: 1 part of them should be dissolved in 10 of water for use as a test 

Sai/ts of Sodium. _ 
Acetate of sodium (NaCG, H« O J or NaA). 
This salt is met with in oonuneroe of sufficient purity for ordinaiy ana- 
lytical operations. Being mudi cheaper than acetate of potassium, it is 
generally employed in its stead, although it cannot be so advantageously 
used in experiments where firee oxalic acid is present, since the oxalate of 
sodium widch is then formed is comparatively insoluble. 1 part is to be 
dissolved in 4 of water. 

» The symbol aqsH^O, and is generally employed to denote water of 
oystaUization. 
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Hjdrate of sodium (NaHO). 
This Bait is frequently substituted for hydrate of potassium, on account of 
its greater cheapness. It is subject to the same impurities as the hydrate of 
potassium, and may be freed from them in a similar manner. 

Sulphydrate of sodium (NaHS). 
This salt is also used inst^id of the sulphydrate of potassium, and may be 
prepared in a similar manner. 

Sulphite of sodium (Na.^ SO3 + 10 aq). 
This salt may be prepared by passing sulphurous add gas (SO^) (pro- 
duced by boiling copper turnings in a flask with concentrated sulphuric 
add, and passing the gas through water in a wash-bottle) into an aqueous 
solution of carbonate of sodium, until carbonic add gas is no longer evolyed. 
The solution should be eyaporated with as little exposure to the air as pos- 
sible, on account of the great tendency of the sulphite to pass into sulphate, 
and finally allowed to crystallize. The solution for testing should contain 
about 1 part of sulphite in 5 parts of water. 

Carbonate of sodium (Na^ CO,). 
The commercial salt usually contains an admixture of sulphate and chloride 
of sodium, from which it is difficult to purify it. An easy method of preparing 
pure carbonate is by predpitating a comparatiyely pure specimen of a sodium 
salt with oxalic add or a soluble oxalate. The oxalate of sodium is nearly 
insoluble, and by washing the predpitate obtained as before mentioned with 
water, only a small quantity of oxalate is lost, whilst the impurities are washed 
away. By ignition of this oxalate the pure carbonate is obtiuned, thus — 

Na, Cj04=NasC0, +C0. 

Biborate of sodium or borax (Na^ Bo^ O7 + 10 aq). 
The commercial salt may be employed for ordinary analytical operations. 
It can be purified by crystallixation. 

Phosphate of sodium (N&, HPO^ + 12 aq). 
For ordinary purposes the commercial phosphate may be employed ; it 
contains sulphate of sodium, from which it may be purified by crystallization. 
For use as a test 1 part is to be dissolyed in 10 parts of water. 

Phosphate of sodium, ammonium and hydrogen, w microcosmic salt or 

phosphorus salt (NaKH^ H PO4 +4aq). 
This salt is prepared by boiling a solution of 6 parts of phosphate of sodium 
(the reagent just described) in 2 parts of water, and adding 1 part of pow- 
dered chloride of ammonium (NH4CI). Chloride of sodium separates and 
is i«moyed by filtration, while the filtrate on concentration yields crystals of 
microcosmic salt. 

Salts of AmfONXuic. 

Chloride of ammonium (NH4 01). 
The chief impurity of this salt as met with in commerce is diloride of iron ; 
this may be readily separated by predpitation, a few drops of sulphydrate of 
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anmuniiDni (NH, HS) bcinf added to a aolation of cbloride of ammomnm, 
and anj black prem[ntate of (olphide of iron produosd being fllter«d off ; 
hTdnxdiloric add ii Uien added in quanti^ jiut mfBoiBTit to deoampoM anf 
Bicew of fulphide of ammamam, and the liquid boUed till all odour of tlw 
mlphuretted hydrogen hit left it : wbea the trifling eiceas of hydrochloric 
add hw beoD mtonted with anuDonia, the lolulioii ii er^iorated and the 
Mlt crjitaUiied. 1 part ihould be dinolTed in aboat S part* of water. 
Holybdate of ammonium (NH, HoOJ. 

la the preparatioii of thia aalt molybdie aoid ii at flnt prepared ; this ia 
done 17 TTMetiDg native >ul[diide of molybdenuin (H08) in a platuan «ru- 
dUe at a low red hnt, with conatant atdning, aa long aa nilphuroua add 
(80j) i* eT<dTed. The impure moljbdie acid thue obtained ii then diMolTed 
with the aid of beat in ammoniB. Huoh of iti impurity i« left undiMolTed, 
iriiila more aeparatea when the aolutum i> oTaporated to oiyrtalliie. Bj 
(xyMalliMtion the buiKilybd»l« ia formed ([NH,], Mo.O,). 

Acetatg of ammonium (NH, C, H, O, or NH, A). 

Ihii aalt may be beat prepared by neulnJiuog aceCio acid with carbonate 

Hydrate of ammonium (1IH,H0). 

GHomoYaal ammonia may be adrantageouily need in analyni ; ot it may be 

prepared by taking equal waightaof freehlyburnt lime (Ca,0) and powdered 

chloride of ammonium (NH^ CI), inteducing them into a flaak A, and adding 

alittlenter: the OTolred gas iapaaaed through a snuti/ quantity of water con- 



din the firat waah-bottle, repreaented in the annexed figure l:^ B ; it >< fie" 

lucted into a bottle, i, or a aeriea of bottlea nmiJarly fitted with tube*, and 

half-full of diitilled water. The following equation mpretenta the change ■— 

IfH,a + CaHO=HH^HO-(-CaCl; 
but aldiou^ HH, HO represents the hydrata of ammonium correepondiog 



^^^•■^ 
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to the hydrate of potaMium (KHO), and although for ooiiTeinieiioe and ana- 
logy sake we apeak of this hydrate, yet it is more coireot to regard the sub- 
stance so called as a solution of the gas ammonia (NH,) in water (H^O) ; 
for it will be seen that NH^ H0=NH,+H3 0. 

Sulphydrato of ammonium (SR^ HS). 
This salt is prepared by passing hydrosulphuric acid (HjS) into a solution 
of hydrate of ammonium until the liquid is fuUy saturated and the gas escapes 
unabsorbed. The sulphide of ammonium ([KH4]2 S) is obtained by dividing 
a solution of hydrate of ammonium into two equal parts, and after having 
saturated one part with hydroeulphuric acid, adding the reserved part to it. 

Carbonate of ammonium ([NHJ^CO,). 
The commercial carbonate is a sesquicarbonate, but when dissolved in hot 
water the solution is said to contain the neutral carbonate. The common pre- 
parations of this salt are of sufficient purily for almost every analytical purpose. 

Oialate of ammonium ([NHJjCaO^+aq or [NHJaO+aq). 
This salt may be prepared by exactly neutratixing a solution of oxalic acid 
by carbonate or hydrate of ammonium : 1 part of crystals should be dissolved 
in 24 parte of water for use as a solution for testing. 

Phosphate of ammonium ([NHJ, HFO4). 

Thiis salt may be prepared by decomposing the acid phosphate of calcium 

by carbonate of ammonium. 

Salts of Barium. 

Chloride of barium (BaCl+aq). 
This salt is generally found in commerce of sufficient purity for ordinary 
analytical purposes. It sometimes contains lead: it may be purijBed by 
crystallization. To prepare the solution for testing, 1 part should be dis- 
solved in 10 of water. This salt may also be readily made by dissolving the 
carbonate of barium (a commonly occurring mineral) in hydrochloric add, 
and orystellizing the product. 

Fluoride of barium (BaF). 
This salt may be prepared by adding hydrofluoric acid (HF) to a solution 
of chloride of barium containing hydrate of ammonium as long as a pre- 
cipitate is formed. The precipitate must then be quickly washed with water 
on a filter and dried. 

Oxide of barium or baryte (Ba, 0). 
This compound is best prepared from nitrate of barium purified by re- 
crystallization. The nitrate, finely powdered, is introduced littie by Httie 
into a crumble maintained at a bright red heat. After cooling, the crucible 
is broken, and the fused mass is separated from foreign matters and pre- 
served from the air. The decomposition is as follows : — 

2BaNO,=Ba^O+N,04+0. 

Hydrate of barium (BaHO+4^ aq). 
This salt may be prepared by dissolving the oxide in boiling water, filtering 
the solution into a bottle or flask, and closing the latter by a cork to exdade 
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the air, whieh, firom the carbonic acid gaa which it contains, would soon con- 
vert the hydrate into the carbonate of barionoL The above solution on cooling 
depoflitB the hydrate in large crystals, which may always, by a second or 
sometimes a third oystallization, be obtained perfectly pure. This substance 
may also be prepared by heating to redness in a crucible a mixture of 6 parts 
of finely powdered sulphate of barium (Ba^ SO^) with 1 part of powdered 
charcoal and 1^ of flour, and boiling the resulting mass with water for a 
long time in a loosely-corked flask : the solution is to be filtered whilst hot 
with the same precaution as in the first process. The decompositions which 
occur are these : — 

(a) Ba2 804+2C=Ba, 8-1-200, 

(jS) Ba^S +2(H,0)=HjS+2(BaHO). 
As it is important that this reagent should be quite free from, the salts of 
the alkalies, the second process is a rery oonrenient method, since, from the 
great insolnUlity of the sulphate of barium, it may be easily washed free 
firom all soluble impuzities, among which the alkaline salts are the moet usual 
and moet deleterious. For testing, a cold saturated solution of the crystal- 
lised hydrate may be employed. 

Carbonate of barium (Ba2 603). 
This salt occurs in a state of oomparatiTe purity as a mineral : for ana- 
lytical purpoeeii, howerer, it should always be precipitated by carbonate of 
sodium or ammonium from the pure chloride of barium (Bad) ; the pre- 
cipitate is to be thoroughly washed, and then stirred with distilled water so 
aa to form a pasty mass ; in this condition it should be preserved for use in 
a stoppered bottle. This salt, like the preceding, should be absolutely free 

from soluble salts. 

Saints of Caloium. 

Chloride of calcium (CaCl). 
This may be preparad in the purest form by dissolving the finest white 
marble (Ca^ CO,) or precipitated carbonate of calcium, or, better still, small 
erystsls of Iceland spar, in hydrochloric acid (HCl), the hydrochloric acid 
not being in Buffldent quantity to dissolve the whole of the carbonate. 

Oxide of calcium (Ca^O). 
Freshly burnt quicklime just from the kiln should be taken, the white 
pieces selected and preserved in a weU-stoppered bottle. 

Sulphate of calcium (Ca^ SO^ +2 aq). 
This salt may be prepared by precipitating pure chloride of calcium witli 
sulphuric acid (H, SO4), washing the precipitate thoroughly, and then di- 
gesting the sulphate of calcium formed, with repeated agitation, in cold water. 
1% is almoet insoluble, and therefore the saturated solution may be used. 

Saia of Magvbaivm. 
Sulphate of magnesium (Mft, SO^ +7 aq). 
The commercial salt (Bpsom salts) is of sufficient purity for all orcUnary 
analytical purpose* 1 part should be dissolved in 10 parts of water. 
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Salts of Iron. 

Protosulphate of iron or ferrous sulphate (Fe^ SO^+7 aq). 
The commercial salt is of sufficient purity for employment in analysis. 
The solution is made by agitating the crystals with cold water, out of contact 
with the air. 

Sesqui- or perohloride of iron, or ferric chloride (Fe^Cl,). 
This salt may be easily prepared by diasolying pianoforte wire (the purest 
form in which iron occurs oommerdally) in hydrochloric acid, boiling the 
solution, and adding nitric acid (HNO3) drop by drop until the original 
greenish-brown colour of the solution has changed to a bright yellow, or 
until a drop of the solution taken out on a glass rod is no longer precipi- 
tated blue on the addition of ferricyanide of potassium (K^Cfdy). Excess 
of ammonia solution is then added, and the precipitate produced tiioroughly 
washed with hot water ; it is then dissolved in hydrochloric acid, care being 
taken that enough aoid is not added to dissolve the whole. 

Salt of Cobalt. 

Nitrate of cobalt (GoNOg+d aq). 
This salt may be purchased in a state fit for use : it b troublesome to pre- 
pare from cobalt ore. 1 part is to be dissolved in about 10 of water. 

Salt of Cofpsr. 

Protosulphate of copper or oupric sulphate (Cu, 80^+5 aq). 
The commercial salt is always contaminated with ferric sulphate; for 
analytical purposes the metallic copper obtained by eleotrolyais may be dis- 
solved in hot sulphuric add (H, 6O4) ; or the pure hydrate, oxide, or car- 
bonate may be taken, and heated with diluted sulphuric add. The salt 
should be crystallized from its solution. 1 part should be dissolved in 10 
parts of water. 

Salt op Silver. 

Nitrate of sUver (AgNO,). 
This is best obtained by dissolving pure silver in nitric add (HNO,) which 
has been diluted with about its own bulk of water, evaporating the solution 
to dryness, and gently fusing the residue. The fused mass may be dissolved 
in water when cold, and then crystallized. It is thus obtained quite free from 
add. If silver coin (t. e, silver alloyed with copper) ^^ 5 

be employed, it is necessary, after dissolving it in 
iiitric add, to predpitate the silver as chloride by 
the addition of hydrochloric add, to filter it, and 
then to wash it till it no longer contains a trace of 
the soluble copper salt The pure chloride of silver 
is now. to be placed in a small dish of porous earth- 
enware, placed in a larger dish or basin; both vessels are then to be so far 
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fiUed with water, to which a few drops of hydioohlorio add hare been added, 
^bai their ofntentB do not mix. A piece of sine is to be laid under the inner 
YeMel, and connected with the chloride of nlTer by means of a bent platinum 
wire, when the desired action will at once commence, and after the lapse of 
a short time tiie whole of the chloride of silver will hare been " roduoed " to 
the metallic state : the change may be represented by the two equations — 

(1) Ha +Zn=Zna+H 

(2) Aga+H =:Ha +Ag. 

The small dish is now to be removed, and the finely divided silver which 
it contains to be repeatedly washed with dilute hydrochloric add, and, 
finally, with pure water. When quite free from hydrochloric add, the silver 
ia to dissolved in nitric acid, crystallized and fused as mentioned above*. 
For user 1 part of the fused salt is dissolved in 20 parts of water. 

Salt ov Lbi]>. 

Acetate of lead (FbC.HsO, or PbA+l| aq). 
This salt is met with in commerce of sufficient purity : 1 part should be 
disserved in 6 parts of water. 

Salts of MaacusY. 

Protonitrate of mercury or mercurous nitrate (Big.^'NO^), 
This salt ii obtained by leaving metallic mercury in contact with nitric 
add (HNO3) without applying heat In order to preserve it in the state of 
mercoroos nitrate, some metallio mercury must always be kept in its 
scdution. 

Perchloride of mercury or mercuric diloride (HgCl). 
The commercial salt is sufildently pure. 1 part is to be dissolved in 16 
parts of water* 

Fefoxide of mercury or mercuric oxide (Hg^ O). 
This salt may be purchased tolerably pure. It should volatiliae when heated 
without leaving a residue. 

Salt of Bismuth. 

Oxyhydrate of -bismuth or mixed oxide and hydrate of bismuth 

(BiH,0„Bi,0,). 
The oommerdal basic nitrate of bismuth may be used instead of the basic 
hydrate (for the conversion of metallic sulphides soluble in alkalies into 
osidea by boiling it with sudi alkaline solutions) : it must be free horn 
arsenic (As). 

The metal bismuth may be purified from arsenic by fusing it with nitrate 
of potassium (ENO3) ; it may then be dissolved in dilute nitric add, and the 

* By this fusion a portion of nitrite is said to be formed ; — ^this may be 
separated by dissolving the fused mass in cold water, evaporating and crystal- 
li^ngafreeh. 
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aolation diluted with water (ill a precipitate begins to form ; from this pre- 
dpitate the Bolution is filtered, and the filtrate evaporated until it is of suf- 
ficient concentration to crystallize. The crystals are then digested witii 
water containing a little nitric add, excess of ammonia solution added, and 
the predpitate of basic hydrate washed thoroughly and dried. 

Salt op Palladium. 

Protodiloride of palladium or palladious diloride (PdCl). 
The metal palladium is dissolred in nitro-hydrochloric acid, the solution 
evaporated to dryness on the water-bath, by which means palladic chloride 
is first formed, but this salt (Pd^Cl,) is conyerted into palladious chloride 
(PdCl) with evolution of chlorine at the temperature employed : after the 
first evaporation, hydrochloric add should be added, and the liquid again 
evaporated ; water is then to be poured on the salt, and the whole carried to 
dryness once more on the water-bath. 

Salt of Tin. 

Protodiloride of tin (SnCl), 
This salt is obtained by dissolving the granulated metal in hydrochloric 
add (the concentrated add diluted with its own bulk of water) ; the mixture 
is to be heated, care being taken to stop the action before ail the tin and 
hydrochloric add have been consumed': the solution of the chloride is then 
to be decanted clear from the reddual metal, and poured into a bottle con- 
taining a few fragments of pure tin : a littie dilute hydrochloric add should 
also be added. 

Salt of Platiitvii. 

Per- or bichloride of platinum or pladnic chloride (PtCl,). 
This salt is prepared in predsdy the same manner as the palladious 
chloride. 

Salt of Gold. 

Terchloride of gold or auric chloride (AuCl,). 
This salt may be prepared as the palladious chloride if the metallic gold 
is pure. If, however, the gold contains copper (Ou) or silver (Ag), the nitro- 
hydrochloric solution is at once evaporated to dryness on the water-bath, 
and redissolved in water, by which means the whole of the silver remains as 
diloride. The aqueous solution is then slightly addified with hydrochloric 
add and boiled with a solution of oxalic add ; the gold is thus predpitated 
in the metallic form, while the copper remains in solution ; if, however, any 
copper still contaminates the gold in the form of oxalate of copper, it may 
be removed by treating the metal with ammonia solution. 

Salts of Bthtlb. 
Oxide of ethyle or ether ([C, HjJaO). 
This is obtained of suffident purity in commerce for the ordinary ana- 
lytical operations. If^ however, ether free from water is required, it is 
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<* anhydroiu" hf digMtum with, and diitilltttioa bom, OMutio lime 
(O^O). For moet pnrpotes this is, howerer, nnnncmiiiy. The epeoiflo 
gnyify of aaihydioiiB efcher is 073. 

Hjdnto of ethyle or alcohol ([0, H J HO). 
This is to he obtained of great parity as " rectified spirit," haying the spe- 
cific grsTity of 0*83 ; this, like oommereial ether, contains water, firom which 
it, too, may be freed by distillation with oaiutic lime. By other subsequent 
dista'llataons with ignited carbonate of potassium (K, CO,), or anhydrous sul- 
phate of copper (Cu, SO4), it may be zeodered quite free from water. It is 
then termed "absolute," and has a specific grarify of 0795. For all ordinary 
purposes the alcohol recently introdnoed by the Excise^ and known as " me- 
thylated spirit,'* may be employed. This spirit is simply alcohol inten- 
tionally and avowedly mixed with methyls alcohol to the extent of 10 per cent 
This is done in order to preclude its use as a bererage, without inter£aring 
with its applicability to most manufiwturing and ohemioal purposes. 

Salts or Htpboov. 

Chloride of hydrogen or hydrochloric acid (HCl). 
Kitrie and sulphuric adds Mid salts of iron are common impurities of 
oommeroial hydrochloric acid : it may, however, always be obtained of great 
pnrii^ in commerce. Its specific grarify should be 1*2. 1 part, by mea- 
sure, of add dilated with 2 parts of water ii often used in analysis as dilute 
hydrochloric add. 

Nitrate of hydrogen or nitric add (HNO,). 
The oonmicrcial add generally contains a little hydrochloric and sulphuric 
add (H3 8O4) ; it may, however, be obtained pure. The dilated add should 
have the spedilo gravity of 1'12, and is made by mixing 1 volume of strong 
add with 2 of water. 

Acetate of hydrogen or acetic add (HCjHgO, or HA). 
This add as obtained in commerce is of sufllcient purity for most ana- 
lytical operations. It should have a specific gravity of 1*048. It occa- 
sionally contains sulphuric add. 

Oxide of hydrogen or water (H^O). 
This substance, as it commonly occurs, holds various salts in solution, of 
which the prindpal are the dilorides, sulphates, and carbonates of potas- 
sium, sodium, caldum, and magnfurinm : from these impurities it may be 
separated by distillation. 

Sulphide of hydrogen or hydrosulphurio add or * 

sulphuretted hydrogen (H, S). 

Th]S substance may be easily prepared by acting upon almost any me- 

fatllii* sulphide with hydrochloric add or with sulphuric add ; in practice, 

however, the protosulphide of iron (Fe, S) is almost invariably employed : 

the evolved gas is washed by passing it through a wash-bottle containing a 
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unallqiuiiti^ofwilcr, and it nikj be afterward) dried bj pBMmg it through 
a tube oonUiniag ohkride of ealdum m naaU Ir^mente. The eolution of 
ihj puting the gM into diMilled water at 



long H it la dinolTCd, which may be aaoerieined bj oboerTing whether the 
bubbles as they pan through the liquid are diMolred, or whether Qwj ewspe 
without diminutiDn: a laturated solution of this gu is muoh employed in 

Sulphurous acid (H, BO,). 
Hiia acid is not known to ua in the separate state, but only as a solution 
of tbe Dompound called oilphuroua acid gas (SO,) in water (H,0). Sul- 
phurous add gas is eralred when cbarooal (C), copper (Cu), or mercuiy 
(Hg) are bailed with conoentaated aulpburio acid. The following ohange* 

2(H,80,)+C=2{H,SO,)+C0, 
2{H,SOJ+2i:u=H,BO, + Cii,8O,+a,0: 
but the sulphurous add split* thus — 

H,S0,=H,0+80,. 
Bulphuroos acid gas may be washed, and water may be ntnrated with 
it, just a« in the case of ammonia gaa. 

Sulphuric aoid {H, 80.). 
The common impurities of the commercial acid are lead (Pb) and 
arsenic (As) ; both are separated by passing a stream of sulphuretted hydro- 
gon through the diluted acid. For ordinary purpoMS a good specimen of 
oommerdal add aujHcee, but for sx>eaial oases, such as the dsteotion of 
poiaons in medioo-legal inreetigations, it is necessary to employ an add 
whicli is abaolulely pure. The dilute add employed in analysts is prepared 
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bj miiiiig I p«rt of tba ooiuiaibatod add (inl <tf vitrid) with b p«to of 
watsFi tti« grater put of the lead ii lepanted hj this dilntkni. 
Carbonic acid (H, CO,}. 

Tfaia acid is not known to ni in the aeparate ilate, but onlj M a tolation 
araart>oniea(iidga«(CO,)iiiinter(H,0), rorH,CO,=CO,+H,0. The 
gu (CO,) oan be eaoilj prepared b; deoompodng anj carbonate by an adid 
in an ^iparatua dmilar to that figured on page tM. Carbonate of "'"■"■" 
(marble) and hjdiwfaloric add (HCl) are moalljr employed: — 

Ca,CO,+2Ha=tt,CO,+2CBCl : 
but the evbonic acid it immediatelj deoompoaed into water and carbonic 
acid gaa, which may be paaaed into water, in which a portion will dinolTe, 
or into the aolation to be jubmitted to it* action. 

Oialio add {H,C,0, or H,0). 

The oommercial nibetance i> of nifflcient puri^ for otdinaiy operationi. 
It ntaj be purified by nlbliniation. 1 part of cryriala ehould be dioolved 
in 30 of water. 



Hie aolDtkin of indigo in oil of Titriol, or etrong lulphoric add, ii called 
by thia name. It i« med in a very dilute itata aa a chemical teet 
Tartaric acid (H,C,Hj0, or H,f). 
ThiaaciditnietwiUiofiuffloieat purity for abnoit all analytical purpoaea. 
It may be purified by recryrtalliiation. 

EydroBuoailido add (H,Si,F,). 
Thia adld ia prepared at followa : — A miiture of 1 part of Kuid {SigO,) 
•nd 1 part of fluoride of oaldum (CaF) ia 
inbDdooed into die flaak A 1 6 parte of em- m, t 

cen&vted ndphnric acid are tlwn added, 
and beat applied by meana of a eand-bath. 
A ^aaa deJivery-tnbe panea throng 4 part* 
of water placed in the jar B, and dipe be- 
naalh the aurfaoe of the mercury, C. at tfae 
bottranoftheveaaeL The following adioni 
take plaoe: — Hydroflooric add (HF) ia 
gcnCT»ted by the action of the ■olphnrio 
aoid on tbe fluoride of calcium (CaF), atld 
in ita tarn Hue hydrofluorio add acta upon 
the Knd preaent, producing gaaeoua fluo- 
ride of silicon ; thai — 
2(OaP)+H,SO,=2(HF) +Ca,aO,; and 
6(HF)+8i,0, =3<H,0)+^^) 
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being again formed and predpitated, while the hydrofluoeolioio aoid remains 
diiMolyed in the water ; thus — 

6(SiF,)+4H30=2(HSiO,)+2(H,Si,Pa). 
The uae of the mercury in preventing the aocen of water to the mouth of the 
deliyeiy-tube is obyioua: the liquid should be filtered through a linen oloth 
to separate the gelatinous silicic add, and the filtrate preserved in a bottle of 
German glass. 

Acid EiiEMsnts. 

Carbon (C). 
The charooal selected for blowpipe examinations should be made of sound 
beeohwood, and should be free from bark or knots. If the pieces are about 
1^ inch in diameter, they should be sawn into pieces of about 4 inches in 
length, and each piece should be divided longitudinally, the flat surfisoee of 
the section being well adapted for blowpipe experiments. 

Bromine (Br). 
This salt-radical may be obtained in commerce of suffident purity. 

Chlorine (CI). 
Chlorine may be easily prepared by one of the methods given on p. 19 ; if 
required dry it may be passed over fragments of fused chloride of calcium 
(Cad) in a long tube, or over pieces of pumice-stone soaked in oil of vitriol. 

Test Fapbbs. 

Vegetable blues, or at least most of them, possess the peculiar properly of 
becoming red when moistened with an add, t. e. the hydrogen salt of a simple 
or compound add-radical, while their original colour is restored by an alka- 
line solution, that is, by the solution of a substance whose basic properties 
are definite. Some of the most delicate vegetable blues even assume a new 
colour when submitted to an alkaline Uquid, becoming a brilliant green, 
whilst vegetable yeUows, when dipped into alkaline solutions, become red- 
brown, but are not influenced by adds beyond the restoration of their original 
odour (boradc add being an exception, for it behaves like an alkali). These 
indications, although very valuable, must not be too implidtly rdied on, 
since certain salts which are theoretically neutral produce changes of colour. 

Blue litmus paper. 
The litmus of commerce should be dissolved in water, and very dilute 
sulphuric add added to the dear blue solution until the colour has been 
changed to a reddish violet; the blue colour is then restored by the addition 
of a small quantity of the original solution : white writing-paper, not highly 
glazed, is then to be painted with the blue liquid, on one side only, and the 
coloured pieces, when dry, are to be out into narrow strips for use, and pre- 
served in a well-stoppered bottle. 
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Bed Utmiifl paper. 
This iDAjbe prepared bjnamg the blue liqaid jnit mentioned, after having 
Bligfatl J reddened it with a drop of Tory dilate eiilphurio add. 

Dahlia paper. 
If the richlj-coloored petals of the purple dahlia, or thoee of the hearte- 
eaae, are boQed with alcohol, a red solntion is obtained, iduch is of far greater 
delicacj than that prodnoed faj common litmus ; it will become greeA also 
bj the action of alkalies. Faper may be coloured with it as with the litmus 
eolntions. 

Tormerio paper. 
An alcoholic ezbract of turmeric-root is of an orange-yellow colour, and 
beoomes reddish brown when submitted to the action of alkaline solutions. 

Manganese paper. 
Strips of paper dipped in a moderatelj strong solulaon of manganous sul- 
phate (Hn, SO J are occasionally employed for the detection of ocone. 

Acetate of lead paper. 
Strips of paper steeped in a solution of acetate of lead (FbO, HjO^) are 
▼ety useful in the detection of sulphuretted hydrogen (H, S). 

Starch paper. 
Strips of paper dipped in solntion of starch made by boiling starch in 
water, and kept somewhat moist^ are Tery useful in the detection of bromine 
and iodine. 

OsoAjric Bonixs. 

Diose fiirms of these bodies found in commerce may be safely employed, 
selecting, of course, theuncoloured Tariety of Starch (C^g H^ ^lo) > ^ purest 
white Sugar (Oi, H^O^^), and that kind of Qdatine known as innglass. 



CHAPTER VI. 



DETECTION OF THE BASIC RADICALS IN THEIR 

COMPOUNDS. 

Ws hare now introduced to the notice of the student the cha- 
racteristic features of the basic and acid elements, existing as 
elements in the nncombined statOi and have remarked npon the 
peculiar properties which they manifest, and by means of which 
their identity can always be safely established. The oonsidera- 
tion, however, of the laws of chemical combination will hare 
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rendered it apparent that/from the extremely energetic properties 
which have been impressed upon these classes of elementary 
matter, it must be a comparatiyely rare occurrence to find them 
existing in nature in the isolated or uncombined condition ; and 
therefore, if we are provided with no other means of recognizing 
them than those which apply to that state, these bodies must 
frequently elude us. Such means are not, however, wanting ; and 
it will be seen from the observations which foUow, and from the 
details which will occupy this and the next chapter, that the 
tests which we can apply to prove the existence of these bodies 
in their compounds, are, if possible, still more copious and con- 
clusive than those which serve to assure us of their presence 
when they exist in the elementary state. 

In the present chapter we shall devote ourselves exclusively to 
the detection of the basic radicals in their compounds ; reserving 
the description of the methods of distingoishing the acid radicals 
of compound bodies for a subsequent chapter. 

The principal means at our disposal for the recognition of a 
basic radical, is by the addition of some reagent to produce a 
saline combination which shall contain it, and which shall be at 
the same time easily identified by some remarkable physical or 
chemical characters. The majority of those compounds, the 
formation of which is held to be most conclusive proof of the 
presence of a basic radical, are such as present some strHcing 
jpeculiarity of coJoitr, or of insoluMlity in certain menstma, or of 
colour and insohdnlity combined ; but there are others again which 
are gases of weU-marhed properties ; and these are equally recog- 
nizable, and no less certain criteria of the presence of the body 
sought for. 

The great mass of the basic radicals with which the student 
will have to do being elementary, no proof can be obtained of 
their presence from any decompositions which they might un- 
dergo ; the compound basic radicals, as ammonium, strychnine, 
motphine, and quinine, being of complex constitution, may be 
thus recognized. 

Without frirther remark we will now proceed to state at 
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length the TBiious tests for the basic radicals when in combina- 
tion, pausing only to give a synoptical yiew of the subdiTlsions 
to be adopted, the members of each of which will be fonnd 
identical with those given at page 3, as the subdivisions of the 
basic elements. In Subdivision III., however, three organic 
beaes have been introduced. 

1. Salts, the solutions of which are not precipitated by car- 
bonate of ammonium ; by a mixture of the chloride, hydrate, 
and sulphide of ammoninm ; or by the passage of hydrosulphuiic 
acid gas through their add solution : — 

Salts o? PoTASsiiTif, Sodium, Lithitju, akd Ammoitiuk. 

2. Salts, the solutions of which are precipitated by carbonate 
of ammonium ; but not by a mixture of chloride, hydrate and 
sulphide of ammonium, nor by the passage of hydrosulphuiic 
acid gas through their acid solution : — 

Saios op BAsnnc, SrBoirrnnc, Calcivic, aitd Maonesixtk. 

3. Salts, the solutions of which are precipitated by carbonate of 
ammonium, and also by a mixture of chloride, hydrate and sul- 
phide of ammonium ; but not by the passage of hydrosulphuric acid 
gas through their acid solution : — 

Salts of Ttebiuic, Eebivic, Terbiitm, THORnruM, Cebittv, 
IiAircHAjnuM, DiDnruM, ZiBCOinuM, Glxtcinttm, Alitmi- 
Hirx, CHXoxinc, TJBAimrir, Ibok, Majtoaitese, Cobalt, 
Nickel, Zihg, Mobphute, QunriHs, Stbtchninb. 

4. Salts, the solutions of some of which are precipitated by car- 
bonate of ammonium, and by a mixture of chloride, hydrate and 
sulphide of ammonium ; but all of which, without exception, are 
precipitated by the passage of hydrosulphuric acid gas through 
their acid solution .- — 

Salts of Cabkiux, Coppeb, Silveb, Hebcuet, Lead, Bra- 
Kxnxr, Palladiuh, Tnr, Antimony, Abssnic, PLArnnrM, 
KHonnni, R uthknium , Ibidittm, Osmhtm, Gold, Ttngsten, 

MoLYl^BENtTM, VaNADIUM. 
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SUBDIVISION I. 

SALTS OF POTASSIUM, SODIUM, uthium, AND OF THE 
COMPOUND METAL AMMONIUM. 

The niunber of these combinations is of course only limited by 
the number of acid-radicals in existence, each of the above basic 
bodies (and the same observation is true of most of the basic 
radicals) having the property of forming salts with every acid 
radical. The stability of these combinations varies with the 
accurate opposition of the combining substances to each other ; 
if they are unequally matched, then a ready decomposition is 
effected, if a more appropriate combination can afterwards occur. 
Since the metals of this subdivision are the most powerfully basic 
bodies with which we are acquainted, the inequality of power, 
if there be any, is always on the side of the amd-radical, and such 
compounds are invariably decomposed when brought into contact 
with an acid-radical of more intense properties. The metallic 
chlorides (Md), bromides (MBr), iodides (MI), and sulphates 
(M, SO^) are among the more stable ; while the nitrates (MNO3), 
oxides (M,0), sulphides (M,S), hydrates (MHO), sulphydrates 
(MHS), and carbonates (M^CO,), are examples of the more easQy 
decomposable salts of these metals. The decompositions take 
place as follows : — 

M,0 +2HG1»H,0 +2Ma 
' M,C0,+H,80,«H,C0,+M,S0, 
MHO -hHBr «H:,0 -hMBr. 
These observations also apply to the corresponding salts of almost 
eveiy basic radical known. 

The salts of the metals of this group are remarkable for their 
great solubility in water; and especially is it to be noted that 
their oxides, sulphides, carbonates*, sulphates, oxalates, and 
phosphates are soluble in that menstruum. The application of 
this statement will be seen when the salts of the other metals are 
considered, since many of their combinations with the add radicals 
mentioned above are insoluble in water. 

* The rare metal lithium preeenti a remarkable ezoeption here, ita car* 
bonato and phosphate being insoluble. 
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There are certain conventional expressions applied to the salts 
of this group with which the student should familiarize himself : — 

1. Their hydrates (HHO) are termed '' the alkalies/' or " the 
caustic alkalies ;" and the hydrates of potassium and sodium are 
called ''the fixed caustic alkalies," in contradistinction to the 
hydrate of ammonium, which is rery Tolatile. 

2. Their salts in general are called " salts of the alkalies/' 
or "alkaline salts;" and such expressions as "the sulphates 
of the alkalies," or " an alkaline acetate/' are frequently em- 
ployed. 

There is a yezy striking family resemblance among the salts of 
this group of metals in many of their physical and chemical 
properties ; many of the combinations of the different members 
of the group, with the same acid-radical, crystallize in the same 
form, or are isamorpTunu: they are all colourless also, unless 
combined with a coloured acid-radical ; and in peculiarity of taste, 
and absence of actively poisonous properties, they possess a great 
similarity. 

Since the great object of analysis is continually to subdivide 
larger into smaller groups, until at last each individual member 
is isolated, we will at once divide this group into two sections, 
by availing ourselves of the following properties of the different 
members:—— 

SBcnoir I.— SALTS OF POTASSIUM, SODIUM, avd lithium. 

Not volatilized by exposure in a dish to the heat of a naked 
flame, t. e, by ignition. 

Sicrioir n.~SAI/rS OF AMMONIUM. 

Beadily volatilized by ignition. 

We have comparatively slender means at our disposal for the 
detection of all these metals, on account of the great solubility of 
most of their salts in all menstrua ; for it must be remembered 
that our recognition of substances depends for the most part 
upon the formation of some insoluble salt of well-defined physical 
peculiarities of colour or form. The lew salts which are insoluble 
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present^ however, sach striJdng features, as almost to defy 
mistake. 

Section I. — Bodies not volatilized by ignition, 
SAI/rS OF POTASSIUM, SODIUM, axd lithium. 

SALTS OF POTASSIUM. 

Solution for the reactions :— chloride of potassium (KCl) in 
water. 

The metal potassium combines with oxygen in two proportions, 
forming a protoxide £,0, and a peroxide K,0, ; oxygen is, 
however, the only acid-radical with which potassium is known 
thus to combine ; eveiy other salt which it forms contains the 
basic and acid-radicals, either in the same relative proportion as 
they occur in the protoxide £,0, or in those in which they occur 
in the (proto-)chloride KCl, they are therefore termed proto- 
salts; and all may be referred to the two types of MCI andM^O. 
The potassium salts are white, unless the add-radical contained 
in them, or an associated basic radical, is coloured ; they are 
good examples of the taste known as saline, and are not usually 
poisonous, unless taken in vezy large quantities ; they are often 
employed in medicine. 

When heated before the blowpipe they frequently decompose, 
if their acid-radical is a compound ; and this decomposition is the 
more readily effected when they are heated in the presence of 
some powerM chemical agent, such as charcoal, which forms the 
usual support for substances undergoing the blowpipe exami- 
nation. 

This body, although inert generally at low temperatures, be- 
comes at high temperatures a very powerful chemical agent, and 
by its influence under such circumstances, a sulphate, for in- 
stance, would be converted into a sulphide, thus — 

K, 80,+2C«K, S+2C0, : 
or again, a nitrate would yield a carbonate by the joint effect of 
the heat and the carbonic add produced by the combustion of 
the charcoal, thus— 

4KN03+6C«2K,C0,+3C0,+4N. 
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Some salts, nevertheless, generally those which contain the 
elementary acid-radicals, bnt also a few others, as the cyanide 
and the carbonate, resist this method of decomposition. All 
potassium salts, however, when so heated, fiise, and, with but 
few exceptions^ sink into the charcoal. They impart also a violet 
tinge to the blowpipe flame playing over them, — ^the cause of 
this is the volatilization of a small portion of the salt, and its 
sdbsequent decomposition by the carbonaceous constituents of 
the flame, with separation of potassium. Potassium, it will be 
remembered, when combining with oxygen, inflames, burning with 
a violet light ; to the trace of potassium-vapour produced in this 
experiment, and its immediate reoxidation on contact with the 
highly-heated air surrounding the flame, the reaction in this case 
is due. A good method of performing this experiment is to 
dip a loop of platinum wire (perfectly dean and imparting by 
itselfno colour to the blowpipe flame) p» ^ 

into a solution of the potassium salt 
to be tested: the blowpipe flame 
should be as blue as possible, with 
no white streaks which would inter- 
fere with the observation of the 
colour : the woodcut shows the ar- 
rangement. If a potassium salt be 
mixed with good alcohol, and the 
mixture repeatedly stirred, upon setting it on fire the charac- 
teristic violet flame will be produced. 

Almost the only insoluble salts which potassium forms, and by 
means of which it may be recognized, are the following : — ^the 
chloroplatinate, perchlorate, carbazotate, and acid tartrate. 

The Chloroplatinate is produced by the action of hydro- 
chloroplatinic add (HPtCl,) [the so-called bichloride of pla- 
tinum (PtCa,), with 1 equivalent of hydrochloric add (HCl)] on 
solutions of potasdum salts : it is a yeUow crystalline precipitate ; 
tiie crystals are octahedral, and belong to the regular system. 
The test, as is the case with most other liquid tests, is appUed 
by dmply mixing it with the solution to be tested ; and if the 
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precipitation of the insoluble salt does not occur immediately, 
it is well to agitate the liquid by stirring, or by shaking the 
test-tube containing it. In the present instance, to hasten the 
change, a few drops of hydrochloric acid should be added at the 
same time as the test-liquid ; the presence of alcohol also renders 
the precipitate more insoluble. If so small a quantity of potas- 
sium should be present as to give no precipitate under these 
circumstances, the chloroplatinate of potassium may yet be ob- 
tained by evaporating the solution to which the reagent has been 
added just to dryness, and then digesting it with alcohol. The 
chloroplatinate being far more insoluble in that menstruum than 
in water, remains as a yellow residue if but a minute trace only 
of potassium be present. 

The formula of the precipitate is EPtCl,, in which the E is 
the basic and the PtCl, the add radical. The double decom- 
position which produces it is as foUows : — 

KCl-hHPtCljasHCa+KPtCl,. 

yell. ppt. 

1 part of this salt dissolves in 144 parts of cold water, but it 
is more soluble in hot water : 1 part requires about 3775 parts 
of rectified spirit for its solution. 

Ths Pkbghlobatb is produced by the action of perchloric 
acid (HCIO^) in solutions of potassium salts, if the latter are not 
too dilute : it is a white ciystaUine precipitate ; the crystals are 
right rhombic prisms. Its formula is £010^. 1 part dissolves 
in 65 parts of water at 15° C, and in a less quantity of boiling 
water. It is quite insoluble in alcohol. 

The Caebazotate is produced by the action of carbazotic 
acid* (HC0H3X3O) on solutions of potassium salts: it is a 
yellow precipitate which is crystalline, the crystals belonging to 
the rhombic system. Its formula is EOqH^X^O. 1 part re- 
quires 260 parts of water at 15° G. for its solution. It is in- 
soluble in alcohol. 

The Acid Tartrate is produced by excess of tartaric add 

* X^NO,, a radical which, in the nitrthtubBtitution eompoundst is found 
to replace H. 
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(H,G^H«0, or H,T) added to solntioiiB of potassiiim salts : it is 
then precipitated rapidly, particularlj if they be shaken or stirred. 
The delicacy of this test is mnch increased if a solution of the 
add tartrate of sodinm is added, instead of tartaric add, to a 
neatral solution of the potasdiun salt. It is a white crystalline 
precipitate, the form of the cr3r8ta]s being that of the oblique 
prism with a rhombic base, and belonging to the monodinic system. 
The formula of the predpitate is KHC« H^O, w^ KBT ; the 
reaction producing it is as follows : — 

KCl+HjT—Ha+KHT. 

white ppt 
It is important that excess of tartaric add should be present, and 
not excess of the potassium salt, as in the latter case the neutral 
tartrate, £, T, would be formed, and this is a perfectiy soluble 
salt. The neutral tartrate is also produced by dissolving the 
add tartrate in potash (£H0) solution, thus, — 

KHT+KHO«KKT+H,0. 

1 part of add tartrate of potassium dissolyes in 240 parts of 
water at 10^ 0. : it is insoluble in alcohol. It dissolves in 
strong adds. 

The SiLiooFLtroBiDE is produced by the action of hydrofluo- 
silidc add (B^I^F,); a very slight gelatinous film at first 
appears in the liquid, but gradually thickens to a predpitate. 
Its formula is £[, 8i, F,. It dissolves very sparingly in cold, but 
more readfly in hot water. 

Tee Acid METAHmcoiriATE is soluble. 

The tests most commonly employed for the detection of potas- 
sum are, the violet colour of the blowpipe flame, and the forma- 
tion of the chloroplatinate and the add tartrate. 

SALIS 07 80DII7X. 

8(diition for the reactions :— -chloride of sodium (NaOI) in 
water. 

The metal sodium resembles potassium very dosely. It forms 
two compounds with oxygen, a protoxide (Na^O), and a per- 
oxide (Na,0,) ; but among the nimierous salts which this metal 

b2 
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forms with other acid-radicals, none are found corresponding to 
the peroxide. The salts of sodium are therefore all r^;arded as 
formed after the types protochloride (MCI), and protoxide (M,0), 
and so are called proto-salts. They are white, unless associated 
with a coloured acid-radical ; they possess in general no poison- 
ous properties ; one indeed, the chloride (NaCl), appears to be 
quite necessary to the well-being of the animal organism. 

When heated on charcoal before the blowpipe, sodium salts, 
like potassium salts, fuse and sink into the charcoal, and suffer 
similar decompositions. They impart to the blowpipe flame a 
brilliant yellow tinge, which is much more intense than the 
violet colour produced by potassium salts, the latter being less 
volatile than Ihose of sodium. Thus, in a mixture of salts tested 
in this manner, the potassium flame is entirely masked by the 
sodium, unless the salt of the former metal is present in greatly 
preponderating quantity : if the sodium salt is mixed with even 
20 or 30 times its weight of the potassium compound, the yeUow 
colour, though weakened, is still distinctly perceptible. The 
same colour is observed when alcohol is inflamed after digestion 
with sodium salts. 

The only insoluble salt by means of which sodium can be 
recognized, is the add metantimoniate ; but the test is not deli- 
cate, and is difficult of application. 

The Chlobopiatinate and the Pbbchlobatb are soluble. 

The Cabbazotate is soluble; but a slight precipitate occurs 
in very concentrated solutions. 

The Acid Tabtbatb is soluble ; but a slight precipitate occurs 
in very strong solutions. 

The Siliootluobide is much more soluble than the correspond- 
ing potassium compound. 

The Acid Metantimoniate is produced by the action of met- 
antimoniate of potassium (K^H^Sb^O^+Gaq). This reagent is 
liable to decomposition* by keeping its solution; it should 

* Metantimomate of potaarium (E^HaSbjO^) paasea readily into anti* 
moniatft of potaarimn (ESbO,) by loeing H, O ; thus — 

KjHaSb,OT=2KSbO,+H,0. 
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therefore be diBBolved cmlj just before applying the test. Hie 
precipitate separates in cryBtaDine gnuna, bat does not appear 
immediately if the Bolntion be dihite : the depoaitioii is fanlitated 
by agitation. 

Its formula is Na^ H, Sb,0^+6aq. 

It is almost insolnble in oold water, but ali^tly solnble in 
boiling water. It is qfuite insolnble in alo(^id. In carbonate 
of potasmmn solntion it disBolveSy but not in other potassiiun 
salts. 

The tests employed in practice for the detection of sodinm 
are, the colour of the blowpipe flame, and the formation of the 
add metantimoniate : the former of these is verj delicate ; the 
latter, howeyer, is little naed, 

SAI/n OF ItfTHltM. 



Solution for the ractioiu: — dilorida of hthiimi (LiCl) in 

UthiTim diflSan in many re t pe c to firom the two pneeding metels; it fbvmt 
two oombinaliotte with oxyi^Bn, bat the Mite of Htf»in™ are aD proto-eahs; 
of thew we may take the diloride (liCl) and the oxide (li,0) aa typea. 
The Uthium nlta are white when the add-radkal ia colonrieaw 

Th^ are more fuaihie than the poteannm or aodinm aalta, and impart 
a Teiy dietinot carmine coloar to the blowpipe flame; the pnaenoe of a 
large qnantily of a potaanum adt doea not materially interftra with thia 
reaction, but a amall quantity of a lodiom eompoond girea riae to a yellow 
flame. 

The insohible mlts hj niuch lithiom may be leoogniaed are then: — the 
oarlMsotate, the caxbonate, the phoiphate, and the dliooAnorideL 

The CHLoaorLATorATS and the Pbbchlobatb are aohdJa 

Ths Cabbaiotatb ia piodaeed by the aetion of eatbasoCic acid. 

Tha Carbonate i> prodneed by the action of a Tcvy solnUe neutral 
carbonate, «.y. carbonate of potaanum (l^CO,), of eodium (Na^CO^X ^ 
of ammonium ([NHJ^CO,), upon rather conce^rated eolutiona of sidts of 
lithium: it ia oystaOine. 

Iti formula ia 1^,00,. 1 part requirea 100 parte of oold water for ita 
aohation, but leai of boiling water. By moat adda it ia deoompoeed and 
dioaotred: it is inaoluble in aloohoL 

Thb Acid Tabtratb is soluble. <« 

The Phosphate v produced by the action of phoephate of sodium 
(Va^HPOJ on aolutiona of lithium ealts: the predpitiition takes place 
specially on ebullition. If the solution ia then evaporated to dryness, 



78 CHEMICAL BSACnONS. 

and ihe midue treated afresh with water, a perfect aeparation of the lithium 
IB effected. This lalt ia a white powder. 

Its compodtion ia eaid to he TariAhle : some ftnalyaes give the formula 
LiNaHPO^. 

It ia nearly insoluble in water containing phosphate of soda, scarcely 
soluble in cold water, but more so in hot It diasolyes in dilute nitric add. 

Thb Silicopluoridb is insoluble. 

The distinguishing features by which lithium salts are recognized are prac- 
tically these, — ^the carmine-coloured blowpipe flame, and the yery insoluble 
phosphate of lithium and sodium. 



Section II. — Bodies readily volatilized by igrdtion. 



SALTS OF AMHOiriTJM. 



Solution for the reactions :—Kshloride of ammonium (NH^Cl) 
in water. 

Ammonium (NH^) is the first compound metal with which the 
student has to deal. It is not known in the separate state, hut 
the salts in which it exists are very numerous: they are all 
proto-salts^ I equivalent of NH^ being equal to 1 equivalent of H ; 
in other words, the basic radical ammonium is monatomic. All 
these salts are colourless, unless their constituent acid-radical is 
coloured ; they are not actively poisonous unless their acid-radical 
has very poisonous properties. 

When heated, ammonium salts entirely volatilize, and in so 
doing impart no colour to the flame (the chloride indeed tinges 
the flame hlue, but this is due to the chlorine). 

They may, however, be immediately recognized by their be- 
haviour when warmed gently with hydrate of potassium (KHO) ; 
a double decomposition occurs, thus, — 

NH, a -f KHO = Za + NH^HO. 
The hydrate of ammonium thus produced decomposes into water 
(H3O) and ammonia gas (NH,). This gas has a most peculiar 
pungent odour, termed ammoniacal, but better known as that of 
hartshorn, or spirits of sal- volatile. The pungent odour is suffi- 
cient to reveal the presence of this gas, which may also be de- 
tected by holding over the mouth of a test-tube from which it is 
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issuiiig, a stoat rod moistened with oonoentrated bydrochloric or 
acetic acid, when dense white fiunes will be seen about the rod^ 
instead of the ordinary almost transparent yapoor of the add ; 
this effect is due to the formation of an ammonium salt, 

NH,+B[Ca=NH^Cl. 

White fume. 

The principal insoluble salt by which this metal is recognixed 
is the chloroplatinate. 

The Chloroplatuiate is produced by the action of chloroplatinic 
add (HPtd,) on solutions of ammonium salte. It is a yellow 
crystalline predpitato, resembling the corresponding potasdum 
salt in being octahedral, and bdonging to the regular system. 

Its formula is NH« PtCl,. 

It is very insoluble in cold water, but more so in hot ; it is 
still more insoluble in alcohol, 1 part requiring 1405 parte of 
rectified spirit for ite solution. It is more soluble in dilute add 
than in pure water. 

The Fsbchlo&axb and the Caslbazotatx are soluble. 

Thb Acid TABTRiLTs is only produced by tartaric acid (H^T), 
when added te very concentrated solutions of ammonium salte, 
especially of the hydrate. It is a white crystalline predpitete of 
the same form as the corresponding potassium compound. 

Ite formula is NH^ H T. 

It is as readily soluble in the hydrate of ammonium (NH^ HO) 
as the potasdum salt is in hydrate of potasdum (KHO), the 
reiy soluble neutral tartrate bdng thereby formed. It is rather 
insoluble in cold water^ but dissolves freely in boiling water; it 
is more insoluble in alcohol, and more soluble in adds. 

The Sjcucoplvobidb is soluble. 

The teste te be actually employed for the detection of ammo- 
nium obviously are, the volatility of the salt, ite ammoniacal odour 
when heated with solution of hydrate of potasdum (KHO), or 
when mixed with moist hydrate of caldum (CaHO), and ite pre- 
dpitation by chloroplatinic acid. 
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In order to avoid too much verbal recapitalation, and to show the 
student the method of consecutively applying the tests above men- 
tioned when searching either for one or more of the basic radicals 
which the subdivision contains, the Table on the following page 
is annexed. Tables, it must be remembered, are not guides to be 
followed blindly, but only indications of the kind of course which 
the student should pursue in analysis ; the best can after all be 
but descriptions of one series of methods, of which several may be 
equally good for the attainment of the same end ; and l^e student 
should bind himself to no one fojmula, but seek frequently to 
vary his method of analysis by adopting other sequences of ex- 
periments. Greater scope will be afforded him in the succeeding 
subdivisions than in the present one for so doing ; and in the 
Tables which will be appended to each, we shall not always 
select that which is believed to be the best method of distinguish- 
ing a substance, if a slightly inferior one is more striking. Tables, 
nevertheless, which contain the most accurate methods are of great 
value, and a complete series of such wiU be found in the second 
part of the present volume : they will be constructed upon the sup- 
position that all the substances occurring in their respective sub- 
divisions are present, whilst in those appended to each subdivision 
it will be assumed that one member only is to be detected. 
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^fiofytw 0/ 8mbannn(m L 

The salt may be one of POTASSIOC, SODIXnC, uTHnm, or 
AMM0NIT7H. 



IgnitPtfaennliBtwioe; if noOung TglatiUiet* we inliBr the 



of 



and ooofirm it hy , 
eently wwrning m \ 
freah portion of j 
the ongiiial inb- t 
stance with tcda- | 
tioD of h jdnte of ^ 



PntMiiiiiiHi Sodium, or lithium. 
BiMolve a portion of the ignited nit in e few drops 
of water, add one drop of h jpdrodiloric acid and a few 
drops of birfilflride of platinnm, and stir ; if no preci- 
pitate is prodnoed, even after the addition of alcohol, 
and the l^pee of eome time» weinftrthe 



of 



of 
Sodium or Tithiom. 
DisBolre the rest of the ignited salt in 
water, add aohition of phospmite of sodium, 
and e^i^Mxate to diyness on a water^^bath ; 
ledissolTe in a small quantity of cold 
water ; if an insoluble residue is left, we 
infer the 



absence of 
Sodium, 



presence of 
lithium. 



SUBDIVISION n. 

SALTS OF BARIUM, STRONTIUM, AND CALCIUM; AND 

OF MAGNESIUM. 

* 

One great diBtinction between this and the first sabdivision 
may be at onoe pointed oat ; it is this : that a fur smaller nnmber 
of the salts of these metals is soluble in water; and among the 
insoluble, or nearly insoluble salts, are found the sulphates, car- 
bonates, oxalates, and phosphates, nearly aU of which are easily 
soluble in the first group, nearly all almost insoluble in the pre* 
sent. It is, however, especially to be remembered, that among 
the soluble salts of this subdivision the oxides and sulphides are 
ranked, because this constitutes a distiugnishing feature between 
the first two and the last two subdivisions. If we desire to 
separate the metals of this group from those of the preceding one, 
we have only to form their carbonates, oxalates, or phosphates ; 

s5 
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the metal is thus precipitated in an insoluble combination, and 
being collected on a filter, the clear liquid passing through will 
contain the salts of the first subdivision. The way in which 
these insoluble salts are formed, is by adding a soluble salt of the 
required acid-radical to the solution which we wish to precipi- 
tate ; now almost the only soluble salts of the acid-radicals in 
question are the hydrogen salts (the so-caUed adds), and the 
salts containing the metals of the first subdivision (the alkaline 
salts); of these, for reasons which will soon be obvious, we 
prefer to employ the ammonium salts, and of the ammonium salts 
the neutral carbonate (I^J^CO, is the most advantageous. Any 
salt thus chosen as the precipitant of an entire group is com- 
monly called the group-test or group-reagent ; in fact, we find 
in every subdivision that there is a certain reagent which preci- 
pitates every member of the group, to which this name of group- 
reagent has been applied. Afterwards other reagents are used, 
some of which exercise their action on several members, some on 
individuals only. Subdivision I. has no such general reagent ; 
the entire group is not precipitated by any single substance, we 
are therefore obliged to resort to particular or special tests. 

Certain conventional expressions are attached to the compounds 
of this subdivision also. Their oxides and hydrates are called 
'' the alkaline earths," and their other salts '^ the salts of the 
alkaline earths." 

The three first members of the subdivision bear a very strong 
resemblance to each other ; their salts are for the most part colour- 
less, except in those cases where the add-radical is coloured. 
The compounds of barium are veiy poisonous, but those of stron- 
tium and calcium are not so. The fourth member, magnesium, 
differs in many respects from the others, many of its salts are fax 
more soluble in- water ; this difference is strikingly exhibited in 
the case of its sulphate, which is an extremely soluble salt, 
while the sulphates of the other three metals are almost in- 
soluble. 

The second subdivision is as readily broken up into two parts 
or sections as the first, although by different means. 
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Precipitated by carbonate of ammoiiiiim ([NHJ,CO,), and not 
rediflsolyed by the addition of ddonde of ammoniiim (NH^O). 

Sacnov IL--aAi;E8 OF MAORBSIUX. 

Precipitated by carbonate of ammonium ([NHJ^CO,), and re- 
diasolyed by the addition of cbloride of ammoninm (NH^d). 

Since so many inaoluhle salts oeenr in this gnfop, there is leas 
difficulty in recognizing its difEerent members than in the case of 
the preceding sabdrnsi<Hi. 

The gronp-test is carbonate of ammooiom ([NH^J^CO^). 

SscnoH I. — FreeipitaUdhy Carftofurf^o/ammomiem ([XH^]jCOj), 
and not redissolved hy CWoride of cmvnumntm (XH^Cl). 

SAJTTS OF BABIUM, 8TBONTIU1C, ASD CALCIUM. 

SALTS OP BASITM. 

Solution for the reactions: — chloride of barium (Bad) in 
water. 

Barium forms two combinations with oxygen, a protoxide 
(Ba^O) and a peroxide (Ba^O,). The protoxide is the type of a 
huge number of barium salts ; these are white unless the acid* 
radical in them introduces colour into the compound ; those which 
are soluble are extremely poisonous. 

When heated before the blowpipe^ especially in the presence of 
a reducing agent such as charcoal, they are firequently converted 
into oxide ; in these cases the oxide remains infusible, and be- 
comes somewhat incandescent; but if the salt resists decomposi- 
ticm, as do the chloride, bromide, and iodide, it remains as a fused 
mass upon the charcoaL A platinum wire moistened with a 
solution of a barium salt imparts a yeUowish-green tinge to the 
blowpipe flame ; this may also be observed with insoluble salts if 
they are previously moistened with an add, — ^hydrochloric acid for 
instance. Barium salts impart no colour to the borax-bead. 

The principal insoluble salts by means of which barium may 
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be Feoognized are these : — the chromate, hydrate^ sulphate, car- 
bonate, phosphate, and silicofluoride. 

The Cbromate is produced by the action of chromate of potas- 
sium (KCrO,) on solutions of barium salts ; in very dilute solu- 
tions it appears only after standing. It is a pale yellow preci- 
pitate. Its formula is BaCrO,. It is almost absolutely insoluble 
in water, but is dissolved by most adds. 

The Htdiutb is produced by the action of the hydrates of 
potassium (KHO) or of sodium (NaHO) in moderately concen- 
trated solutions of barium salts. The hydrate of ammonium 
(NH^ HO) produces no precipitate. It is to be observed that the 
salts of potassium and sodium may generally be employed indif- 
ferently as reagents, as they almost invariably act in the same 
manner ; the salts of ammonium can only in certain instances be 
substituted for those of potassium or sodium, as in most cases 
they exercise an action peculiar to themselves. Many substances 
in &ct are soluble in ammonium salts, but not in the salts of the 
fixed alkalies. The hydrate of barium is a white amorphous 
precipitate. 

The formula of the hydrate is BaHO+4^. Whenever H,0 
is written as aq^ it is always to be understood to signify '* water 
of crystallization," or water loosely combined with the substance : 
this water need never be taken into account in writing the equa- 
tion which represents the reaction ; in the present case, for in- 
stance, the change which takes place is simply a mutual trans- 
ference of acid and basic radical between the acting substances, 
and may be represented thus : — 

Bad+KHOsKGl+BaHO. 

White ppt. 

The hydrate of barium is comparatively soluble in water, I part 
dissolving in 35 parts of water at 13° Cr, and in 2 parts at 100^0. 
It is immediately dissolved by those acids whose barium salts are 
soluble, and it is decomposed by most others. 

The Sulphate is produced by the action of sulphuric acid 
(H, SO^), or of soluble sulphates on solutions of barium salts : 
in very dilute solutions it becomes evident only after standing 
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for a few seconds. It is a white polyerolent predpitatey which 
glistens somewhat in the light. 

Its foimula is Ba^SO^. 

It is one of the most insoluble sobstanoes known, 1 part dis^ 
sdhing in 43,000 parts of water: its solnbility is not perceptibly 
increased by the presence of chloride of ammoninm or chloride 
of sodium, nor by acids, although there are oircamBtanoes in 
which certain salts of citric acid prevent the formation of the 
precipitate of sulphate of barium. 

The Carbonate is produced by the action of the neutral car- 
bonate of potassium or ammonium (K,CO, or [NHJ^CO,) on 
solutions of barium salts. It is a white preoipitate. 

The formula is Ba^CO,. 

This salt is slightly soluble in solutions of ammonium salts 
(especially in chloride of ammonium) ; it is almost perfectly inso- 
luble in water, 1 part dissolving in 16,420 parts of water at the 
boiling temperature: it is readily decomposed by most adds; 
but dissdlves in solution of carbonic add (HgCO,), forming the 
soluble acid carbonate of barium (BaHGO,), thus : — 

Ba^C0,+H,C0,«2(BaHC0,). 

The Oxalate is produced by the action of the oxalate of potas- 
dmn or ammonium (£,0,0^ or [NH^j^O^OJ on solutions of 
barium salts. It is a white pulverulent predpitate. 

Its formula is Ba^C^O^. 

It is slightly soluble in a solution of chloride of ammonium, 
and dissolves in 200 parts of water (either cold or boiling). It is 
readily dissolved by moet adds, but not by aoetic add (HA 
orHC^HgOj. 

The add oxalate ie produced by the action of oxalic add 
(H,C,OJ on solutions of barium salts ; it appears, after standing 
for a few minutes, as a white crystalline predpitate : the ciystals 
are very acute rhombohedrons. Its formula is BaHOgO^. 1 
part of this salt dissolves in 386 parts of water at 15^*6 0. ; it is 
more soluble in hot water, but less so in alcohol. It is dis- 
solved readily by most strong adds. 

Thb FxBBocYAiriDS is produced by the action of ferrocyanide of 
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potassium (K^Ciy) on concentrated solutions of barium salts. It 
is a dense pale yellow and crystalline precipitate. Its formula 
(disregarding its water of crystallization) is KBaGfy ; thus being 
in reality a ferrocyanide of potassium and barium. It is soluble 
in 36*38 parts of water at 14^ €., and in 11-85 parts of boiling 
water. 

The Phosphate is produced by the action of phosphate of 
sodium (Na^ HPO^) on solutions of barium salts. It is a white 
pulverulent precipitate. Its formula is Ba^ HPO^. It dissolyes 
easily in solutions of many ammonium salts, fix>m which it is 
repredpitated by the hydrate of ammonium (NH^ HO). 1 part 
dissolyes in 2Q,570 parts of water at 20^ C. ; it is readily dissolved 
by most acids, even by acetic acid. 

The Silicoflooride is produced by the adion of hydrofluosilicic 
add (H, Si, E,) on solutions of barium salts. It is a white, trans« 
parent and gelatinous predpitate, the separation of which is 
promoted by shaking and stirring the liquid, and by the addition 
of alcohol to it. 

Its formula is Ba^ Si, F,. 

1 part of this salt is soluble in 3802 parts of water at the 
ordinary temperature, or in 733 parts of water addulated with 
hydrochloric acid: it is more soluble in hot water; nearly in- 
soluble in alcohol. 

The special tests employed for the detection of the various 
members of the preceding subdivision produce no precipitates 
with solutions of barium salts. 

The special tests for barium which the student should parti- 
cularly remember are these : — ^the yeUowish-green blowpipe flame, 
the insolubility of the chromate and of the sulphate, and the pro- 
duction of the nearly insoluble silioofluoride. 

SALTS OF STRoirrnrM. 

Solution for the reactions : — initiate of strontium (SrNO,) in 
water. 

Strontium, like barium, forms two combinations with oxygen, 
a protoxide (Sr^O) and a peroxide (Sr,Og). The protoxide may 



be legarded as the type of the huge number otmlts whieh this 
metal forms. Salts of strontiiim resemble barium salts in moat 
of their chemical characters, bat differ from them in being desti- 
tate of poiflonouB properties. 

When heated before the blowpipe^ stnmtinm salts are iat the 
most part converted into the oxide, which reoudns inftuiUe, and 
beo(»nes somewhat incandescent when the blowpipe fiame is 
directed npon it. The chloride^ bromide and iodide resist deeom«> 
position nnder these circamstances, and remain Ihsed, and not de- 
composed even on charcoal, A wire moistened with a solution 
of any strontinm salt imparts a fine crimson cdLoor to the flame, 
which, nnlike the similar cokmr imparted by lithinm, does not 
disappear after long heating. The borax-bead is cdoorless and 
transparent. 

The principal insoluble salts by which strontium is recognixed 
are the hydrate, the sulphate, the carbonate, tiie oxalate, and the 
jAosphate. 

The Chromatb is soluble. 

Thb Htbeaxb is produced by the action of hydrate of potas- 
sium (JLUO) on rather concentrated solutions of strontium salts : 
the hydrate of ammonium (NH^ HO) produces no precipitate. It 
is white and flocculent. 

Its foimula is SrHO+4^. 

It is less soluble in water than the corresponding barium salt; 
1 part requiring 50 parts of cold water, or 2*4 parts of boiling 
water for its solution. It is dissolTed by those acids whose 
strontium salts are soluble, and decomposed by most others. 

The Sulphate is produced by the action of sulphuric add 
(fi^SO^) or of soluble stdphates on eolations of strontium salts, 
unless they are extremely diLute. It is a white pulveralent 
precipitate. 

Its formula is Sr, 80^. 

It is somewhat more soluble than the corresponding barium 
salt. A solution of chloride of ammonium does not dissolye it ; 
but in a solution of chloride of sodium it ib gradually but com* 
pletely taken up, although it is repredpitated by the addition 
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of sulphuric acid (H, SO^). 1 part dissolves in 6895 parts of 
water at 14^ C, and in 9638 parts of boiling water. 

The Carbonate is produced by the action of the neutral car- 
bonates of potassium or ammonium (K,CO, or [NHJ,CO,) on 
solutions of strontium salts : it is a white precipitate. 

Its formula is Sr^OO,. 

This salt is more soluble in solutions of ammonium salts, espe-* 
cially chloride of ammonium, than is the corresponding barium 
compound. It dissolves in 18,045 parts of water at the ordinary 
temperature, but in a much less quantity of boiling water ; it is 
readily decomposed by most adds ; but in solutions of carbonic 
add gas (COJ it dissolves without decompodtion, in the same 
manner as the carbonate of barium, forming the analogous com- 
pound, namely, the add carbonate of strontium (SrHCOJ. 

The Oxalate is produced by the action of oxalic add {JELfifi^y 
or of soluble oxalates, even in dilute solutions of strontium salts. 
It is a white predpitate. 

Its formula is Sr,0,O^. 

This salt is very soluble in hot aqueous solutions of chloride or 
nitrate of ammonium ; it is veiy sparingly soluble in cold water, 
but dissolves in 19*2 parts of boiling water ; it is dissolved readily 
by most strong adds, but not by acetic add (HC,H,0„ or HA)« 

The EsaBocTAiODs is soluble. 

The Phosphate is produced by the action of phosphate of so- 
dium (Na,HPO^) on solutions of strontium salts. Its formula is 
Sr^HPO^. It dissolves readily in most ammonium salts, but is 
repredpitated by the addition of hydrate of ammonium (NH^HO). 
It is insoluble in water, but dissolves m most adds. 

The SnicoFLuoEiDB is soluble, espedally in the presence of 
adds. 

The special tests of the first subdividon are without well- 
defined action on salts of strontium. 

The special tests for strontium which the student should par- 
ticularly remember are these : — ^the blowpipe flame, the action of 
sulphates on soluble strontium salts, and the absence of the re- 
action with chromates and silicofiuorides ; by means of this last 
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test this metal is usually distLogaished from barium, the reactions 
of which in most other respects are so similar to its own. 

8AXT8 OP CALCrUX. 

Solution for the reactions: — chloride of caldnm (OaO) in 
water* 

GaldnmyKke the two preceding metals, forms two combinations 
with oxygen, a protoxide (Ca,0), and a peroxide (Ga^O,) : it com- 
bines with almost ereiy acid^radical to prodnoe salts ; which, 
like those of barium and strontium, are all proto-salts. They are 
colourless, except in cases where the add-radical introduces 
colour. They are devoid of poisonous properties. 

These salts resemble those of the two preceding metals in their 
behaviour when heated before the blowpipe on charcoal, being 
for the most part decomposed into the oxide (lime). This oxide 
remains infusible, and is remaricably incandescent, the light 
which it GtmiB increasing with the intensity of the heat, and 
reaching its maximum only when the lime is subjected to the 
hi^est temperature at our disposal — such, for instance, as that 
produced by the oxyhydrogen blowpipe. The light thus obtained 
has been utilized, and is known as the <<lime light." The 
chloride, bromide, and iodide of calcium resemble the corre- 
sponding salts of barium and strontium in remaining undecom- 
posed before the blowpipe flame on charcoaL A platinum wire, 
moistened with a solution of a caldiun salt, tinges the flame of 
an orange-red colour ; the colour, however, imparted by a pure 
salt of caldum is a very pure red, the orange tint which it ge- 
nerally has being in &ct owing to the presence of a trace of 
sodium ; the red of pure caldum salts may even be mistaken for 
the crimson of strontium compounds ; actual comparison, never* 
thelesB, shows the difference. The red colour may be observed 
even with the insoluble salts of caldum, by heating them before 
&e blowpipe after they have been moistened with a strong add, 
sudi as hydrochloric add. The borax-bead is colourless. 

The prindpal insoluble salts of caldum are the hydrate, the 
sulphate, the carbonate, the ferrocyanide, and the phosphate. 
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The Ohboxate is soluble. 

The Htbbaxe is produced by the action of hydrate of potaasiuin 
(£H0) on solutions of calcium salts ; the hydrate of ammonium 
(NH^HO) produces no precipitate. The hydrate is a white bulky 
precipitate. 

Its formula is GaHO. 

This salt dissolves in about 780 parts of water at the ordinary 
temperature, but at temperatures about the boiling-point, in ficom 
1310 to 1350 parts, thus presenting the peculiarity of being less 
soluble in hot than in cold water. It dissolves readily in most adds. 

The Sulphate is produced by the action of sulphuric acid 
(H^SO^) or soluble sulphates on solutions of oaldum salts, unless 
they are very dilute. It is a white, somewhat aystalline pre- 
dpitate. 

Its formula is Ca^SO^+Saq. 

The solubility of this salt in water is increased by the presence 
of chloride of ammonium, or of other ammonium salts, and also 
by sodium salts,e6pedally the chloride of sodium; fromitssolution 
in water containing this latter compound it is not repredpitated, 
as the sulphate of strontium is, by the addition of sulphuric add 
(H3SO4). Sulphate of caldum is far more soluble in water than 
the corresponding salts of barium and strontium, 1 part re- 
quiring about 460 parts of water, dther at the ordinary tem- 
perature or that of boiling water, for its solution. 

The Carbonate is produced by the action of the neutral car- 
bonate of potaadiun or ammonium (K^GO, or [NH^jjOO,) on solu«* 
tions of caldum salts. It is a bulky white predpitate, but 
when seen under the microscope, is found (as is the case with 
many other predpitates) to be crystalline. It is a substance 
whidi is said to be dimorphous, for it is capable of ajMnimiTig two 
distinct crystalline forms not belonging to the same system : the 
occorrence of these forms is determined by the temperature at 
which the salt is produced ; if predpitated in the cold, the crystals 
assume forms belonging to the rhombohedral system ; if at the 
temperature of boiling water, they belong to the right prismatic 
system. 
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Its fofmnla is Ca^OO,. 

When recently prodpitated, it dissolTeB with compaiatiTe ease 
in concentrated solutions of chloride of ammoninm and other 
ammonium salte ; it is also soluble to a sli^t extent in solutions 
of chloride of sodium. In water it is rery slightly soluble, 1 part 
requiring 10,600 parts at the ordinary temperatorey and 8834 
parts of water at 100^ C. for its solution. It is decomposed by most 
adds, and dissolYed by solution of carbonic add gas (00^, with 
formation of the add carbonate (CaHCO,). 

The Oxalate is produced by the action of oxalic add (HJDfl^), 
or soluble neutral oxalates, on solutions of caldum salts ; when 
extremely dilute, appearing after the lapse of a few seconds. It 
is a granular predpitate. 

The formula of the salt dried at 100^ C. is Ga,C,O^H-aq. 

It is insoluble in chloride of ammonium and in water ; it is 
also insoluble in acetic add (HA), but dissolves in the stronger 
adds, nitric and hydroddoric, readily. 

The Fenocjanide is produced by the action of fenocyanide of 
potasdum (X^Cfy) on solutions of caldum salts, espedally on 
standing, and more quickly still by boiling. It is a dense white 
predpitate. Its compodtion is that of a fenocyanide of potasdum 
and caldum ; it is KCaCfy-hli&q* This salt is more insoluble 
in the presence of diloride of ammonium and other salts ; it dis- 
solyes in 795 parts of water at 15® C, and in 145 parts of boiling 
water: it is soluble in dilute, but insoluble in concentrated hy- 
drochloric add. 

The Fhosphatb is produced by the action of the phosphate of 
sodium (Na^HPOJ on solutions of caldum salts. It is a bulky 
white predpitate. Its compodtion is probably Ca^HPO^. It is 
somewhat soluble in solutions of ammonium salts, and also in 
solutions of chloride of sodium. 

Thb Siucofluobedb is soluble. 

The special tests of the preceding sabdxvidon are without well- 
defined action on the salts of calcium. 

The special means of distingaishing caldum from strontium 
and barium which the student should remember are these: — the 
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blowpipe flame and remarkable incandeseenoe ; the oomparatiye 
insolubility of the ferrocyanide, and the oomparatiye solubility of 
the sulphate, as serving to distinguish calcium from both stron- 
tium and barium ; and the solubility of the chiomate and silico- 
fluoride as distinguishing it from barium. 

SEcnoir II. — PrecipitaUd by Garbanate of ammonium 
([NH^jjCO,), and redissohed by Chhride of a$nmanium (NH^Cl), 

SALTS OF MAGNESIUM. 

SALTS OF 1CA0HESIX7X. 

This metal resembles the three preceding in fonning one class 
of salts only, namely, proto-salts. These salts, although resem- 
bling those of barium, strontium, and calcium in many respects, 
yet differ from them in many chemical characters. They are 
white, unless when combined with a coloured acid-radical, and 
act powerfully as purgatives when taken into the animal system. 

When heated on charcoal they are for the most pert decom- 
posed, and the oxide formed is as infusible and highly incan- 
descent as lime : the chloride, bromide, iodide, &c., if perfectiy 
free from water, are not decomposed; but if water be present, 
they too decompose by fusion thus — 

2MgGl+H,OsMg,0+2HCl : 
this decomposition ^^iU be found to obtain among many of the 
succeeding metals. Magnesium salts impart no colour to the 
blowpipe flame ; but when strongly heated in the oxidizing flame, 
after having been moistened with solution of nitrate of cobalt 
(CoNO,), the mass is found on cooling to have acquired a very pole 
pink colour. The borax-bead is transparent and colourless. 

The principal insoluble salts by means of which this metal is 
recognized are — ^the hydrate, the carbonate, the ferrocyanide and 
the phosphate. 

Thb Chromatb is soluble. 

ThA Hydrate is produced by the action of the hydrate of po- 
tassium (KHO). It is a bulky white precipitate. The hydrate 
of ammonium (NH^ HO) exerts a very peculiar action upon solu- 
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tiona of magnesium salts, which must be here explained, as it is 
the type of a reaction which will be found to occur fi:equently 
between hydrate of anmionium and the salts of other metals. 

This reaction has its foundation in the fact that salts of am- 
monium containing strong acid-radicals, as CI and 80^ form 
double salts with magnesium salts, and that from these double 
salts the magnesium cannot be precipitated by the addition of 
hydrate of ammonium in excess. The hydrate of ammonium acts 
in the first place by ordinary decomposition upon a magnesium 
salt, producing the hydrate of magnesium ; but in so doing a salt 
of ammonium must be simultaneously formed, corresponding to 
the original magnesium salt ; thus — 

MgCa+NH, HO=NH,a+MgHO. 

Precipitate. 

The chloride of ammonium thus produced then unites with an- 
other equivalent of chloride of magnesium (supposing more to be 
present) ; and upon the double salt so formed (Mgd, NH^d) any 
excess of hydrate of ammonium will exert no decomposing action. 
Hydrate of ammonium, therefore, when added in excess to a 
solution of a magnesium salt, can never precipitate more than 
one-half of the magnesium ; and for eveiy two equivalents pre- 
sent, the following will be the decomposition : — 

2MgCl+2NH,H0«MgCl, NH Cl+MgHO+NH,HO. 

Solobla doQole Precipitate, 
salt. 

It is obvious from this, that if excess of ammonium salt is sub- 
sequently added, even that portion of the hydrate of magnesium 
formed will be perfectly dissolved, because 

MgH0+2NH,Cl=NH,H0+MgCl, NH,a. 
The hydrates of barium, strontium, and calcium being more 
soluble than the hydrate of magnesium, also produce the hydrate 
when added to magnesium salts. 

The formula of the salt dried at 100^ C. is MgHO. 

It dissolves readily in salts of ammonium and in 55,368 parts 
of cold or boiling water ; it is easily decomposed and dissolved by 
almost every acid. 
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The Sulphate is extremely soluble. 

The Carbonate is produced by the action of neutral carbonate 
of potassium (K^CO,) on solutions of magnesium salts. The neu- 
tral carbonate of ammonium does not produce an immediate pre- 
cipitate, but after boiling the solution or allowing it to stand, a 
portion of the magnesium is precipitated. It is a bulky white 
precipitate. 

The formula of this salt is variable, on account of its not being 
the neutral carbonate, but a mixed carbonate and hydrate ; it is 
sometimes 2(MgH0), 8(Mg3G03)+3aq, and sometimes MgHO, 
2(Mg200,)+2aq. The reaction which results in its formation 
is not so simple as those previously given ; it is as follows : — 

8(MgCa)+4(Na,CO,)+4(H.O)=2(MgHO), 
3(Mg,C03), 3aq-|-8NaCl4-CO,. 

The precipitate is increased by boiling, because then the carbonic 
acid escapes which has been keeping a portion of the magnesium 
in solution as acid carbonate (MgHCO,), which, in common with 
the other acid carbonates of this subdivision, and all salts of 
similar composition, is perfectiy soluble in cold water, but is de- 
composed directiy the temperature is raised, with precipitation of 
neutral carbonate and evolution of carbonic acid gas. 

The formula of the salt produced by veiy great excess of neu- 
tral carbonate of ammonium ([NHJ,CO,), is MgNH^C0,-|-2aq; 
the precipitation of the magnesium is said to be complete. This 
precipitate is quite soluble in pure water if cold, but from the 
solution when boiled, neutral carbonate of magnesium is precipi- 
tated, the neutral carbonate of ammonium volatilizing at the same 
time ; thus — 

2(MgNH,C03)«Mg,CO,+(NH,),C03. 

Pv6Cipitat6. 
Both the above-described precipitates are instantiy dissolved by 
solutions of ammonium salts. The first of them is somewhat 
soluble in excess of cold solutions of its precipitants, and in most 
other sodium and potassium salts, as chloride, sulphate, and 
nitrate. It requires 2493 parts of cold, and 9000 of boiling 
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water for its solution. Both salts are readily decomposed and 
dissobred by almost every add, bat are dissolTed with formation 
of the acid salt by solntions of carbonic acid gas (00^). 

The Oxaxatb is soluble^ nnless the oxalic add or solnble oxa- 
late employed is added to Tory conoentrated solntions of mag- 
nesinm salts, or the mixture allowed to stand for some time ; 
the predpitate is easily diBsolyed by ammoninm salts and 
adds. 

Tms Febboctavidb is prodnced by the action of f errocyanide 
of potassinm (K^Cfy) after long standing or by rapidly boiling : 
its predpitation is also immediately indnced by the action of 
diloiide of ammoninm (NH^d). 

Its formula is Mg^Cfy+Gaq; but when an ammoninm salt 
is present, the salt appears to be MgNH^Cfy. 

It is insoluble in chloride of ammonium, but is dissolved im- 
mediately by hydroddoric add. 

The Phosphaib is produced by the action of phosphate of 
sodium (Na^HPOJ on solutions of magnesium salts, and is 
slowly predpitated. It is white and crystalline. Its formula 
is Mg,HP0^+7aq. It is insoluble in ammonium salts : it dis- 
solves in 322 parts of cold water, but is less soluble in boiling 
water : it is said to decompose on boiling. In adds it is imme- 
diately soluble. 

K hydrate of ammonium (NH^ HO) be present in a solution of 
magnediun salt when the phosphate of sodium is added, the 
latter salt becomes one of the most deHcate tests for the presence 
of magnedum, which is then completely predpitated from its 
solutions in ammoniimi salts (the double salts before mentioned), 
from which no other reagent in common use will separate it. 

The Phosphate of ICagnesium and Ammoninm thus produced 
crystallizes in regular sLx-dded prisms, with dihedral summits, 
belonging to the right prismatic system. 
Its formula is Mg, NH^ P0,+6aq. 

It dissolves in 7548 parts of solution of diloride of ammonium, 
and in 15,627 parts of chloride of ammonium solution containing 
hydrate of ammonium ; it requires 44,330 parts of water con- 
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taining hydrate of ammonium for its solution ; and it dissolves 
in 15,293 parts of pure water at the ordinary temperature, but 
is far more soluble in boiling water, and very readily soluble in 
most adds. 

The BiLicoFLtrosiDE is soluble. 

The special reagents of the first subdivision exert no well- 
defined action on solutions of magnesium salts. 

The special means of recognizing magnesium are these : — ^its 
incandescence and blowpipe reaction with nitrate of cobalt 
(CoNO,) : its precipitation by carbonate of potassium (K^CO,) in 
common with the other members of the present subdivision, and 
the immediate re-solution of this precipitate by the addition of 
an ammonium salt, while its immediate precipitation firom such 
solutions by the addition of hydrate of ammonium and phosphate 
of soda is a yet more striking feature. From barium, strontium, 
and calcium, the excessive solubility of its sulphate will serve to 
distinguish it ; and from calcium it is also distinguished by the 
immediate solubility of its ferrocyanide in hydrochloric acid. 



BsACriONB. 


Ba. 


Sr, 


Ca. 


Kg. 


Chromate 

Hydnte 


yellow 

white 

white 

white 

white 

white 
white 


white 
white 
white 
white 

white 


white 
white 
white 
white 
pale yellow 
white 


white 

white 

fyellowiBh ^ 

\ white J 

white 


Sulphate 


Carbonate 


Oxalate 


Ferroi^aiude 


Phosphate 

Siliooflaoride. 




Cblour imparted to the 1 
blowpipe flame j 


green 


orimson 


red 


— 



We now give a Table exhibiting the general method of dis- 
tinguishing the members of this subdivision, on the supposition 
that it is our object to analyse a solution in which only one of 



BETXCnOir OF THE BAflIC EADICALS. 



9: 



iheee basic radicals exists. It must be borne in mind that this 
table, Uke that given on page 81, is meant only to indicate the 
general plan of procednre in such cases. 

Analysis of SubcUvtsion II. 

The salt may be one of BAEITM, STEONTIUM, CALCIUM, 
or MAGNESIUM. 

Diaohre in wster, or in a few drops of hydrodiloric acid ; add a oon- 
■derable quantity of solntion of ddoride of ammoDiiim ; warm the liquid 
gentlj, and add aolution'of carbonate of ammonium until no more pre- 
eqntate is produced. 



The absence of any 

]Mrecipifeate indicates 

tiie presence of 

liCainieBtum. 

wmcfa remains m 

solution as 

Its presence must be 
eoimrmed hj the 
addition of a few 
drops of phosphate 
of sodium, and of 
hydrate of ammo- 
mum, which will 
prodooeaciTBtidline 
precipitate, either 
mmiraiatel J or after 
the lapse m a few 
minutes. 



The formation of a precipitate indicates the pre- 
senoe of 

Barium, Sfarontium, or Galctum. 
l^ter and wash with water; redissolTc the preci- 
pitate in a few drops of hydrochloric acid, and add 
hydroAuosilicic adid with simultaneous agitation. 



The formation 
ofatranq^Murent 
geUitinous pre- 
cipitate indi- 
cates the pre- 
sence chT 
Barium. 



The absence of any precipitate in- 
dicates the presence of 

Sfarontium or Calcium. 
Add a solution of ferrocyanide of 
potassium. 



1 



The formation 
of a precipitate, 
espedaliy on 
wanning, indi- 
cates 
Calcium. 



The absence of a 
precipitate in- 
dicates 
Strontium, 
the preaenoe of 
which must be 
confirmed by the 
addition of a drop 
of dilute sulphunc 
acid, or by the 
blowpipe flame. 



SUBDIVISION in. 

Salts of yttbium, THonxNUM, CEnnTM, lantha nium , didymium, 
zmcoNiuK, GLUCiNUM, ALUMINIUM, CHROMIUM, ubanium, 

TITAHIUM, TANTAiUlC, NIOBIUIC, AND PELOPIUM, IRON, MAN- 
GANESE, COBALT, NICKEL and ZINC; and of thk com- 

POWD BAAB8 MOBFHINE, QinNINB, AND 8TBTCHNINS. 

It was remarked in the prefetory obeenrations to the last sub- 
dhision, that the present group was distinguished from the 
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former, as that again was firom the one preceding it, by the 
increased number of insoluble salts which its members formed. 
In addition to the carbonates, oxalates and phosphates, which are 
as a general rule insoluble in water and in neutral saline solu- 
tions, both in this and the second subdivision we find that the 
hydrates and sulphates of the metals and basic radicals belong- 
ing to this group are almost equally insoluble. A well-marked 
distinction is thus seen between the members of the present 
subdivision and those of the two preceding ones ; and their se- 
paration may be readily effected by taking advantage of this 
difference. 

To the oxides of the first eight of the above metals the con- 
ventional expression " the earths " is frequently applied, and their 
salts are spoken of in general as ''the salts of the earths," 
while to the last three the term ** alkaloids " is applied, and their 
salts are called '' the salts of the alkaloids." 

The really important members of this group, to the reactions 
of which only the beginner need at first attend, are the salts of 
aluminium, chromium, uranium, iron, manganese, nickel, cobalt 
and zinc; the remainder, viz. the salts of yttrium, thorinum, 
cerium, lanthanium, didymium, zirconium and gludnum, are of 
very rare occurrence. They form a kind of link between the 
second and third subdivisions, resembling the salts both of mag- 
nesium and of aluminium in many particulars. Neither need 
the reactions of the compound bases, morphine, quinine, and 
strychnine, be studied by the beginner ; it may be remembered, 
however, that they are all decomposable by ignition. One 
characteristic of certain oxides of this group deserves to be men- 
tioned: they are, after ignition, soluble only in hot sulphuric 
add. 

There are several reactions by means of which this group may 
be divided into smaller sections: this division is perhaps most 
easily, and, for practical purposes, most effectively accomplished 
by the action of excess of hydrate of ammonium in the presence 
of chloride of ammonium. The group divides thus : — 
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Sicnos I.-7&&LTS OF iit kium, thokixum, cntnjM, laithaviuv, DiDTMruM, 
nsoonnf, GLUCDnTx, ALUMINIUM, CHSOMIUM, uiakium, tita- 

HTUM , TAaTALUM, VIOBnTli, AlTD FKLOnTM. 

Not volatilized by heat, bat precipitated as hydrates by excess 
of hydrate of ammonium (NH^ HO) in the presence of chloride of 
ammonimn (NH^d) ; ftrric salts behave in a similar manner. 

SBCTI05 IL— SALTS OF MANOANESB, COBALT, NICKEL, AND 

ZINC. 

Non-volatile, and not precipitated by the additicm of excess of 
hydrate of ammoniiim (NH^ HO) in the presence of chloride of 
ammoninm (KH^Cl) ; ferrom salts behave in a similar manner. 

SsCnON in. — SALTS OP THE COMPOVX]) BASES, MORPHUTE, QUIVIVE, AKD 
BTBTCHXIirE. 

Volatilized and destroyed by heal 

The group-test is a soluble sulphide — a salt chosen because it 
precipitates every member of this group, but produces no pre- 
cipitate in either of the preceding groups. Of the soluble sul- 
phides, sulphide of ammonium ([NH^], 8) is selected, for reasons 
which will be evident presently. 

SscnoK I. — Salts not volatilized by Jieat, hut precipitated as hy- 
drous by excess of Hydrate of ammonium (NH^ HO) in the 
presence of Chloride of ammonium (NH^Cl) 

SALTS OF TTTBIUM, THOEIHVM, OBEIYTJC, LAKTHAKIUM, DIDTMIUM, ZIHCONIUM. 

QLVcavMt ALUMINIUM, CHBOMIUM, UBAmvM, titanivm, tanta- 

LCIf, EIOBIITM, AJTD PELOPIUM. 

SALTS OF TTrEIUM. 

The salts of this metal are but of rare oocnnenoe in nature ; and it has been 
diown that they consist of a mixture of the salts of three metals, to which the 
names Yttrium, Erbium, and Terbium haye been assigned ; their separation 
is, however, very difficult, on account of the small quantity in which they 
occur, and the great similarity of their cheTnical characters ; the mixed salts 
are tiierefiare generally called the salts of yttrium, and recognised by the 
reactions given below: these salts are believed to be proto-salts. 

The colour of the salts is white, unless the acid-radical introduces colour. 
The taste of pure yttrium salts is at first sweet, and then astringent. Heated 

f2 
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before the blowpipe, the oxide is generallj produoed, and remaine infusible. 
The oxide of erbium is said to be of an orange-colour, while the salts of 
terbium are said to acquire a reddish colour on drying. Yttrium salts giye 
no pectUiar reaction with boraa before the blowpipe, nor do thej impart any 
colour to the flame; with nitrate of cobalt, oxide of yttrium (YjO) gives a 
greyiaMlue colour. 

The principal insoluble salts which this metal forms are these, — ^tfae hydrate, 
the double sulphate of yttrium and potassium, the carbonate, the oxalate, the 
ferrocyamde and tiie phosphate. 

Thk Ctahioe is soluble. 

Th6 Hydrate is a white powder, and is produced when the hydrates of 
potassium or ammonium are added to solutions of yttrium salts: it is also 
formed by the action of the sulphides of potassium or ammonium, its precipi- 
tation being accompanied by the erolutdon of hydrosulphuric add, according 
to the following equation : — 

2Ya+(]SrHJ, S+2H, 0=2YHO+2NH^ a+H, 8. 

The composition of the precij»itate is not always exactly YHO ; for occa- 
sionally it contains a little of the original salt of yttrium employed, if that 
salt were the sulphate or nitrate. This hydrate is insoluble in excess of the 
predpitants ; it dissolTes somewhat in salts of ammonium, and if bdled with 
them dissolves entirely, displacing the ammonium. It is insoluble in water, 
but soluble in adds. 

The Double Sulphate of Yttrium and Potassium forms when a saturated 
solution of sulphate of potasnum is added to a somewhat concentarated solution 
of a salt of yttrium. It is a crystalline powder. Its formula is said to be 
YKSO4. It is soluble in 10 parts of the predpitant, in 16 parts of cold 
water, and in a less quantity of a solution of an ammonium salt, or of adds. 

The Carbonate is produced by the action of the carbonates of potassium 
or ammonium on solutions of yttrium salts ; it is also formed by exposure 
of the hydrate to the air. It is a white powder, occasionally crystalline. 
Its composition is Y^COj+Saq. 

The Oxalate is produced by the action of oxalic add or oxalate of am- 
monium. It is a white powder. Ito compodtion is Y3C2 04+3aq. The 
three salte (those of yttrium, erbium, and terbium) of wHch this predpitato 
is composed an of different degrees of solubility in adds, the yttrium salt 
being more soluble than the others : a method of separation has been founded 
on this £Bct. It is insoluble in water, also in oxalic and in dilute hydrochloric 
add, but is soluble in nitric or concentrated hydrochloric add. Tlie action of 
oxalate of potasdum on yttrium salte produces the double oxalate of yttrium 
and potasdum YKC2 04. 

The Ferrootahide is produced by the addition of ferrooyanide of potasdum 
to any salt of yttrium except the acetate. The predpitate is at first white, 
changing to a pearl-grey. Ito compodtion is Y^Cfy. It is insoluble in 
excess of the predpitant, in water, and in acetic add, but soluble in hydro- 
chloric add. 
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The Phosphatx is formed 1^ the addition of phosphate of sodium to salts of 
jttrium. It is a white powder. Its formula is prohably Y, HPO^. It is 
ferj slightly soluble in water, but dissolres in hydrochloric or nitric adds : 
on boiling these solutions the salt Y, PO4 is deposited, while this precipitate, 
by exposure to the air, becomes oonverted into a mixture of Y^ CO, and 
Y, HPO4. Y3 PO4 occurs in nature as the mineral Xenotime. 

Tfa6 SilicofluOlidd i> insoluble in water, but soluble in hydrochloric acid. 

The other reagents of the preceding groups produce no characteristic pre- 
dpitateswith solutions of yttrium salts. 

The characteristic reactions by means of which the metal yttrium is distin- 
guished, are — the absence of colour in the borax bead, and the insolubility of 
the hydrate in the hydrates of potassium or ammonium, coupled with the 
great solubility of its double sulphate. 

SALTS or THORIVUM. 

The salts of thorinum are eren rarer than those of yttrium. The mineral 
Thorite is the chief source of this metal. Its salts are believed to be proto- 
salts : they are white, unless the add-radical introduces colour. When these 
salts are heated before the blowpipe, the oxide (Th.^O)iB generally produced, 
and remains infusible ; it impaarts no tinge to the flame, and ffives tcith 
borax a colourlesB bead. It yields no characteristic reaction with nitrate of 
cobalt 

The principal insoluble salts which this metal forms are these, — ^the 
hydrate, the sulphate of thorinum and potassium, the carbonate, the oxalate, 
the ferrooyanide and the phosphate. 

Thb Ctahibb is soluble. 

Th6 I^dratd i* formed by the action of the hydrates or sulphides of 
potassium or ammonium on solutions of thorinum salts. It is a white gela- 
tinous predpitate. Its formula is probably ThHO. It is soluble in excess 
of the predpitants, and in water. It is readily dissolved when moist by 
hydrochloric and nitric adds, but with difficulty when dry. 

The Double Sulphate of Thormiixn and PotasBliixii is most perfectly 

predpitated by adding a boiling concentrated solution of sulphate of potassium 
to a solution of sulphate of thorinum. It is a white crystalline powder. The 
formula of the salt is ThES04. It dissolves slowly in cold water, but very 
easily in hot water ; it is, however, perfectly insoluble in a cold saturated solu- 
tion of sulphate of potasmum, and is thereby distinguished from the correspond- 
ing salt of yttrium. The sulphate of ttunrinum is insoluble in hot water, but 
redissolves on cooling ; this reaction is not observed with the double sulphate. 

Ths Carbohatb is produced by the action of the carbonates of potassium 
or ammonium. It is produced also by exposing the hydrate to the air. Its 
formula is that of a bade carbonate. It is soluble in excess of the pred- 
pitant, and in adds with deoompodtion. 

Thb Oxalatb is predpitated by the addition of oxalic add. It is a heavy 
white predpitate. Its formula has not been ascertained. It is insoluble in 
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water or oxalic add, and bat eparingly soluble in other dilate adds. The 
oxalate of potaasiam produces a double salt of potassium and thorinum. 

Thb FsRBOCTAmsB is produced by the action of ferrocyanide of potas- 
sium, and is precipitsted as a heavy white powder. Its composition has not 
been ascertained. It is insoluble in water, but soluble in acida. 

The Fhosphats is produced, by the action of phosphate of sodium, and is 
precipitated in white flakes. Its composition has not been ascertained. It 
is insoluble in water and in phosphoric acid. 

The special reagents of the first and second groups produce no charac- 
teristic effects in solutions of thorinum salts. Chromate of potassium pro- 
duces a yellow precipitate. 

The reactions characteristic of thorinum salts are — the absence of colour 
in the borax bead, the insolubility of the hydrate in the hydrates of potas- 
sium or ammonium, and the gr^nt insolubility of its double sulphate in a 
saturated solution of sulphate of potassium. 

SALTS OF CERIUM. 

The salts of this metal are met with in many minerals ; they are nerer- 
theless of rare occurrence. Like yttrium, it is always accompanied by two 
other metals ; these are lanthanium and didymium ; and although the salts 
of the two latter elements have not been examined very minutely, yet suffi- 
cient is known about them for ub to furnish a slight account of each. The 
reactions which follow must therefore be understood to be those of cerium, 
although, from the great similarity in the chemical properties of the three 
metals, the descriptions of salts of cerium wiU apply to a considerable extent 
to the salts of lantJianium and didymium also. 

Cerium forms two classes of salts, — the oerous or protosalts (such, for in- 
stance, as the protochloride [OeCl], and the protoxide [Ce^O]), and the 
eerie or seequi- or per-salts (such, for instance, as the sesquichloride [Ce^ CI,] 
and the seequioxide [(Ce^)3 0,]) : the proto-salts are generally colourless, the 
others frequently red or yellow. The proto-salts when heated before the blow- 
pipe are converted into sesquioxide, which, if pure, is an infusible powder of 
a lemon-yeUow colour, but if containing didymium, of a brownish red. It 
does not tinge the flame, nor does it give any reaction with nitrate of cobalt : 
but with borax on the platinum wire it forms a glass which is orange or dark 
yeUovQ while hot^ and a paler yellow when cold; this is the effect of the oxidising 
flame, the colour being of course due to the presence of sesquioxide of cerium. 
If the bead be subsequently brought into the reducing flame, it is decolorised 
by reason of the reduction of the sesquioxide into the protoxide. 

CER0U8 SALTS. 

The principal insoluble cerous salts are the hydrate, the double sulphate 
of cerium and potassium, the carbonate, the oxalate, the ferrocyanide, and 
the phosphate. 

The Cyanide is produced by the action of cyanide of potassium. It is a 
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wfaite gummy precipitate which rapidly deoompofles, cerotui hydrate and 
hjdiocyuDic acid being formed. 

The Hydrate is produced by the action of the hydrates or sulphides of 
potassium or ammonium : it is a white powder which rapidly absorbs oxygen 
from the air, becoming thus oonyerted into the sesquihydrate. Its formula 
is probably CeHO. It is insoluble in excess of its prscipitants, but readily 
soluble in adds. 

The Double Ftotosnlphate of Cerium and Potassium is produced 

by adding a saturated solution of sulphate of potasniun to a solution of a 
oeroos salt. It is a granular and crystalline white precipitate. Its composition 
is probably Ce, ^04. It is insoluble in excess of its precipitant, yery slightly 
soluble in cold water, but readily dissolred by boiling water and by acids. 

Tub Cabbonate is precipitated by the carbonate of potassium or of am- 
monium, and is also produced by the exposure of the hydrate to the air. 
The precipitate at first appears in the form of white amorphous flakes, but 
after some days changes beneath the liquid into shining crystalline scales. 
Its composition is CejCOj+daq. It is slightly soluble in excess of its pre- 
cipitants, insoluble in water and carbonic acid, but it is dissolved by other 
acids, thereby suffering decomposition. 

The Oxalate is produced by the action of oxalic acid or oxalate of potas- 
sium or of ammonium, and is a curdy white precipitate, becoming slowly 
OTstalline. Its composition is Oe^C^O^-^Saq. It is insoluble in water 
or oxalic add, but dissolves in hydrochloric or nitric acid. 

Tm Ferroctakiue is produced by the action of ferrocyanide of potas- 
sium : it is a white precipitate. Its composition is not known. It is inso- 
loUe in water, but soluble in nitric acid. 

The Phospdate is produced by the action of phosphate of sodium. Its 
formula is not known : it occurs as a white powder. It is insoluble in water 
and in phosphoric add, but easily soluble in hydrochloric or nitric acid. A 
jdhoephate, probably M3 PO4, occurs impure in nature as the minerals £d- 
wardsite and Phosphooerite. 

The special reagents of the first and second subdiyisions produce no 
characteristic reactions with cerous salts. 

CEBIC SALTS. 

The prindpal insoluble salts of this series are the hydrate, the double sul- 
phate of cerium and potassium, and the phosphate. 

The Hydrate i" produced by the action of the hydrates or sulphides of 
potassium or ammonium. When pure, it is of a sulphur-yellow colour. 
Its composition is probably Oe2H3 03. It is of course easily soluble in 
adds ; and when hydrochloric add is employed, protochloride of cerium is 
formed, and chlorine erolred. 

The Doable Sesquisulphate of Cerium and Potassium is formed 

by adding a saturated solution of sulphate of potassium to a solution of a 
eerie salt (the sesquisulphate of cerium, which is soluble, is the best for the 
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purpose). It IB an orange-yellow crysfcaUine salt, insoluble in excess of the 
precipitant. Its formula has not been determined. It is dissolred with 
difficulty by cold water, but is more readily soluble in hot water. 

Thb Oxalatb is produced by the action of oxalate of ammonium. It is a 
yellow crystalline powder. Its composition has not been determined. It is 
insoluble in water, but soluble in a solution of chloride of ammonium. 

The action of the special tests of the first and second subdiYisions upon 
cerio salts hare not been ascertained. 

The best methods of recognizing cerium are — ^its blowpipe reactions, the 
insolubility of ceorous hydrate in potaasa, and the change of colour which it 
undergoes; together with its coloured salts and rery insoluble double sul- 
phates. 

SALTS OF LARTHANIUM. 

The salts of this metal are invariably associated with thoee of cerium, 
occurring, in some cases, as in the mineral Monaate (the phosphate of cerium 
and lanthanium), in equivalent proportion to the cerium present Practi- 
cally speaking, lanthanium only forms proto-salts : one member of a higher 
series, the peroxide, is known ; but it decomposes into the protoxide with 
great fadlily. The protoxide is peculiar in this respect, that even after 
slarong ignition it dissolves readUy in adds. The salts of lanthanium have 
a sweet astringent taste. 

Thb Protoxidb is produced when lanthanium salts are heated before the 
the blowpipe. It is a white infusible powder, which, however, under some 
conditions, assumes a brown tint, supposed to be due to the formation of 
peroxide. It gives no reaction with nitrate of cobalt; tnth borax it yields 
an opalescent fflaas. 

The principal insoluble salts of lanthanium are the hydrate, the sul- 
phate, the carbonate, the oxalate, and the phosphate. 

Thb Otahidb is unknown. 

The Hydrate i* produced by the action of soluble hydrates or sulphides. 
It separates as a very viscid precipitate. Its composition has not been 
ascertained. It is insoluble in excess of the precipitants, but it readily dis- 
solves, with decomposition of course, in adds. Boiled with chloride of am- 
monium solution, it dissolves, displacing the ammonium. 

The Sulphate possesses the same peculiar property as the oerous sul- 
phate and the sulphate of Uiorinum, vis. that of being less soluble in hot 
than in cold water. By this diaractor, lanthanium is separated from didy- 
mium, the sulphate of the latter metal exhibiting the same peculiarity in 
a far lees marked degree. The salt is crystalline. Its formula seems to be 
Le,S04+daq. It is comparatively soluble in water, 1 part dissolving in 6 
parts of water at S"" 0., in 42*5 parts at 23'' C, and in 115 parts at lOO"" C. 

The Double Sulphate of TianthaninTn and Potaraiiim is formed 

only by the action of sulphate of potasnum upon concentrated solutions of 
salts of Ijuithn-winm. It IS a red or yellow predpitate. Its oompomtion is 
LaESO^. It is somewhat soluble in water. 
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Ths Carboxatb is formed hj die tdditum of the oarboiuitee of potaesium 
or mmmonium, and also by the ezpoeore of the hydrate to the air. When 
precipitated in the oold, it appears in a gelatinous form, but when from a 
hot solution, in crystalline scales. The formula has not been determined. 
It is insoluble in excess of the preoipitants, and in water, but dissolyes 
readily in adds, with deoomposition. 

Thb Ozalats is produced by the action of oxalate of ammonium. It is a 
white powder. Its formula is unknown. It is insoluble in water and in 
saline solutions. 

Ths Phobphatb is produced by the action of phosphate of sodium. It is 
a white precipitate. Its composition is unknown. It is soluble in adds. 

The action of the special tests of the two preceding subdiTidons upon salts 
of lanthaniwm has not been ascertained. 

SALTS or DIOTMIUM. 

The salts of tiiis metal, like those of u«tliMnintn, occur constantly asso- 
dated with those of cerium. Didymium appears to form only one dass of 
salts, which are oonddered as proto-salts, and are remarkable for their beau- 
tiful colours, bdng either pink, rose, or Tiolet The oxide is pure white ; 
but the brown colour which it generally has, is by some attributed to the 
presence of a higgler oxide. The oxide presents the same peculiarity as 
the oxide of lanthanium, Tix. that of dissolving dther in strong or weak 
adds after lengthened ignition. 

Hie oxide is produced when didymium salts are heated before the blow- 
pipe ; it is infudble and of a dark brown colour in the oxididng flame, and 
greyish-white in the reducing flame : it imparts no tinge to the flame. With 
borax, it giua a glam of a fine amethytt colour in both fiama. 

But little is known with respect to the pure salts of didymium ; the hy- 
drate, the double sulphate of didymium and potasdum, the carbonate, and 
the oxalate are insoluble. 

Tbx Ctakide is not known. 

The Hydrate is produced by the action of hydrate of potasdum, the 
hydrate of ammonium predpitating a bade salt : the sulphide of ammonium 
produces the hydrate of didymium only after heating the mixture. It is of 
a riolet colour according to some aooonnto ; according to others, the pre- 
dpitated hydrate is pale rose-red, and gelatinous. Dried at 100^ C, ite for- 
nnila is DiHO. It is insoluble in water, but soluble in chloride of ammo- 
nium on ebullition, displacing the ammonium. It is readily soluble in adds. 

The Snlphate resembles the sulphates of cerium and lanthanium in being 
more soluble in cold than in hot water ; being, howerer, far more soluble in 
hot water than those sulphates, this forms a good means of separating this 
metal from hinthanium*. The greatest diiference between the solubility of 



* Cerium is always separated preriously by other means. Didymium, 
howerer, generally accompanies all lanthanium and cerium salts, eren if 
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the 8ulpbat60 of didymiom and oerium is said to be at 40° C. Its formula 
\B Di, SO^+aq, after boiling. It forms fine red crystals. The sulphate of 
didymium dissolres in 5 parte of water at a temperatore between 15° and 
20° G. ; and such a solution begins to deposit crystals at 53° C, and con- 
tinues to do so as the temperature rises, until, at 100° C, 1 part only is held 
in solution by 50*5 parts of water. 

The Double Snlphate of DidymiTim and PotMHinni m produced by 

the action of sulphate of potassium. The salt has the formula DiESO^+aq 
after boiling, and is of an amethyst colour. It is totally insoluble in excess 
of the precipitant, but soluble in 63 parts of water. 

Thb Cabbonatb is produced by the action of soluble carbonates, and is 
also formed by the exposure of the hydrate to the air. Its formula (dried 
in vacuo) is IH2CO,+2aq ; at 100° C. it loses three-fourths of its water and 
some carbonic acid gas. It is a rose-red powder. 

Thi Oxalate is produced by oxalate of ammonium. It is precipitated 
either as an almost white powder, or in rose-coloured crystals. Its formula 
is Di^Ca04+4aq. It is completely insoluble in water, and almost so in 
oxalic add. and even in the mineral acids when somewhat diluted. 

The action of the special tests of the first and second groups upon salts of 
didymium has not been ascertained. 

SALTS OF ZIRCOVIUM. 

The combinations of this metal are of rare occurrence : it is found in 
nature as silicate, forming the minerals Zircon and Hyacinth. It is thought 
that the salts of the so-called zirconium are a mixture of the salts of several 
metals, like the yttrium and cerium groups ; yet, owing to the dose resem- 
blance of these metals to one another, and their great rarity, no method 
has yet been devised for separating them. Zirconium salts are beliered to 
be sesqui-salts. 

The salts of zirconium are white, unless their add-radical is coloured. 
When heated before the blowpipe they are for the most part conyerted into 
the oxide, which remains infusible, and incandesces in the masi brilliant and 
characteristic manner \ moistened with nitrate cf cobalt^ and intensely 
heated, the mass becomes of a dirty violet colour ; the oxide imparts no 
tinge to the blowpipe flame, and yields a colourless glass with boraXf which 
becomes slightly opaque when cold. 

The prindpal insoluble salts by which this metal is recognized are these, — 
the hydrate, the double sulphate of zirconium and potassium, the carbonate, 
the oxalate, and the phosphate. 

Thb Ctavidb is unknown. 

The Hydrate is produced by the action of the hydrates or sulphides of 
ammonium or potassium. It is a semigdatinous predpitate. Its formula 

they have been Tery oarefuUy purified. Its presence can be detected by an 
examination with the prism. 
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is probablj Zr^IL^Of^. It is insoluble in enoess of ibe pradpitonts and 
in wttep, Imt is easilj soluble in adds if it has been predpitsted and 
washed in the oold ; if^ however, it has been piedpitated from a hot solu- 
tion, or the mass has been waahed with boiling water only, it diaeolves in 
none bat ooncentrated adde, and then after long digestion. It is not Boluble 
in boiling solutionB of ammonimn salts. 

The Double Sulphate of fflrconiam and Fotassiimi is produced by 

the adion of a satonted solution of sulphate of potassium. It is a white 
Grystalline predpitate, tiie fonnula of which has not yet been determined. 
It appears to be rery slightly soluble in water, but soluble in adds if it has 
not been boiled during predpitation, nor washed with hot water: if that has 
been done, it partakes of the peculiarity of the hydrate. 

Ths Garbohatb is produced by the action of the carbonates of potassium 
or ammonium, and also hy the carbonate of caldum. It is a white powder. 
Its composition is uncertain ; it is most probably a bade salt It is slightly 
soluble in ezoeas of its predpitantsi Its soliifailily in adds yaries as in the 
case of the hydrate. 

Thb Oxaultu is produced by the action of oxalic add not in excess, or by 
oxalate of ammonium. It is a white flaky powder. Its oompodtion seems 
TariaUe. It is insoluble in water, and in excess of oxalic acid, eren with 
the aid of heat, but is easily dissolred by hydrochloric add. 

Tbb Ferboct akide is stated by some authors to be insoluble^ by others 
not ; by some it is said to be soluble in excess of ferrocyanide of potasdum. 

Ths Phosphate is produced by the action of phosphate of sodium : it is a 
white predpitate, insoluble in water. 

Most of the special reagents of the first and second groups produce no 
marked reactions with salts of zirconium ; the behaTiour of the others has 
not been ascertained. 

The tests to be relied upon for ziroonium are — its brilliant incandescence 
and reaction with nitrate of cobalt, with the insolubility of its hydrate in 
potaaaa, and the formation of its reiy insoluble double sulphate. 

SALTS OF GLUCIKUX. 

The salts of this metal are of rare occurrence ; its chief source is the beryl, 
in which it occurs together with aluminium, combined with the radical of 
silicic acid ; it is frequently termed beryllium. The salts of this metal are 
belieTed to be sesqui-salts. 

Gludmim salts are colourless, unless the add-radical is coloured. The 
taste of the soluble salts is sweet. When heated before the blowpipe they 
generally leave the oxide, which is infddble, imparts no colour to the flame, 
becomes of a bluisk^ey colour on treatment toith nitrate of cobalt, and 
vith borax yields a transparent colourless glass, which becomes slightly 

opaque on cooling. 

The prindpal insoluble salts by which gludnum is recognised are tlicse,— 
the hydrate, Uie carbonate, and the phosphate. 
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Thk Ctajtidx 18 unknown. 

The Hydrate is produoed by the fiction of the hydratoe or tolphidei 
of potassium or ammonium. It is a gelatinous precipitate. Its formula 
is Gt^ H3 O3. It is insoluble in water, but readily soluble in adds and in 
hydrate of potassium ; it dissolves also in salts of ammonium when boiled 
with them, the glucinum taking the place of the ammonium. From its 
solution in hydrate of potassium, it is not reprecipitated by boiling, unless 
much water is at the same time added, it then precipitates completely ; the 
addition of chloride of ammonium will also reprecipitate it, exerting the 
same action as in the case of aluminium. 

The Carbonate is produced by the action of the carbonates of potaasium 
or ammonium, or by the exposure of the hydrate to the air ; glucinum is 
also completely separated from its salts by boiling their solutions with car- 
bonate of barium. It is white, occasionally granular, but sometimes bulky. 
It is a basic salt. It is soluble in excess of its preoipitants, but more readily 
in carbonate of ammonium, from which solution it is reprecipitated by ebul- 
lition : it dissolves also when boiled in solutions of ammonium salts, pro- 
ducing carbonate of ammonium. It is readily soluble in acids, except car- 
bonic acid. 

The Fbrrootahidb is produced by the action of ferrooyanide of potas- 
sium, and ii precipitated as a gelatinous mass after some time. 

The Phosphate is produced by phosphate of sodium. It is a white pre- 
cipitate. Its formula is unknown. It is insoluble in water, but soluble in 
adds, induding phosphoric add. 

The special tests of the first and second subdivisions, and alK> those of the 
present group, such as oxalates and sulphates, produce no predpitates with 
solutions of salts of gludnum. 

Salts of gludnum are recognized by the absence of blowpipe reactions, 
taken together with the solubility of its hydrate in potaasa, and of its car- 
bonate in carbonate of ammonium. 

SALTS OF ALT7MIKI17X. 

Solution for the reactions : — chloride of aluminiam (A1,C1,) in 
water. 

This metal is at present known to form only one series of salts ; 
and they are sesqui-salts having the general formula M, B^. 

They are colourless, unless the add-radical, or an associated 
basic radical, introduces colour. Their taste is astringent and 
somewhat sweet. 

When heated before the blowpipe they are, for the most part, 
converted into the sesqiiioride, which remains infusible and in- 
candesces strongly : this residue, when moistened with nitrate oj 
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cobalt, and intensely heated, is seen an eooUng to have acquired a 
fine blue colour. The salts of alnminium, when fused with borax 
on platinum wire, dissolve, forming a colourless bead, which r«- 
renudns so on cooling ; they impart no colour to tibe flame. 

The insoluble salts, by the formation of which this metal is 
recognized, are these, — ^the hydrate, the carbonate, the phos- 
phate, while the chromate and silicate, also insoluble, are occa- 
sionally employed for its separation or detection. 

The Ctanids cannot be produced by ordinary means ; cyanide 
of potassium added to solutions of salts of aluminium precipitates 
hydrate of aluminium. 

The Chboxatb is only precipitated after long standing. 

The Hydrate is produced in a great variety of ways : it con- 
stitutes the precipitate when the salts of alimiinium are thrown 
down by the soluble hydrates, sulphides, or carbonates ; it is also 
obtained by other means, such as a prolonged washing of the 
chromate of aluminium, or by the addition of the insoluble car- 
bonates of the metals barium or calcium to the solution of a salt 
of aluminium : the sesquichloride (Al^Cl,) is the best for this 
purpose. It is a white gelatinous precipitate, which dries into a 
transparent homy mass. 

Its composition, when recently thrown down, is that of a basic 
salt, especially when produced from the salt (Al,),(804), by the 
action of the soluble hydrates : such a bacdc salt might be repre- 
sented by the formula (A1,),(S0J„ n(Al3 H,0,) ; and it has been 
found that by long-continued washing the sulphate of aluminium 
is removed, and pure hydrate of aluminium left upon the filter. 
To obtain the pure hydrate of aluminium, it is, however, simpler 
to rediasolve the first precipitate produced in hydrochloric acid, 
and to repreeipitate by hydrate of ammonium. Its formula, 
when pore, is Ai, H^O,. 

This salt dissolves easily in hydrate of potassium, forming 
a new compound termed aluminate of potassium, in which the 
alumimum is supposed to enter into the composition of the 
acid-radical : the salt is formed thus — 

KH0+A1,H,0,=KA1,0„H,04-H,0. 
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It is obtained combined with water of czyBtallization, in a ciystal- 
line fonn, as KAljO,-f aq, or, more probably, Al^KHjO, : it is 
not decomposed at the boiling temperatoie, a property which it 
will be seen constitutes a distinction between this metal and chro- 
mium. The hydrate is reprecipitated by the addition of chloride 
of ammonium to the alkaline solution of the so-called aluminate, 
thus — ^,<— »^ 

Al,KH,0,-*-NH,a=Al,H3 03H-Ka+NH,; 
and also by exact neutralization, thus — 

KAi^o,, h^o+hci=ai,h,03+b:ci. 

The hydrate of aluminium is but triflingly soluble in hydrate 
of ammonium, and even this slight solubility is prevented by the 
presence of chloride or carbonate of ammonium. It is not ap- 
preciably dissolved by sulphide of ammonium, unless a large 
quantity of water be present. It is insoluble in pure water, but 
is of course readily dissolved by acids — ^partially even by car- 
bonic add. It is slightly soluble in alkaline carbonates. 

The Silicate is produced by the action of silicate of potassium 
upon aluminium salts. It is a bulky gelatinous precipitate : its 
formula is probably Ala(SiO,),. 

The Sulphate is soluble. 

The Dottble Sulphate of Alttuikittk ajtb Potassittx is pro- 
duced by the action of a strong hot solution of sulphate of potas- 
sium on a hot solution of sulphate of aluminium; crystals of 
the double sulphate (also termed alum) are deposited as the 
solution cools. Alum is occasionally found native, and is pre- 
pared commercially on a large scale. 1 part of alum dissolves 
in 10 parts of cold, and 3 parts of boiling water. 

The Cabbokate is said to be produced by the action of car- 
bonate of ammonium on salts of aluminium ; if so, the precipi- 
tate rapidly alters, and will be found, after washing with hot 
water, to be nearly pure hydrate of aluminium. 

The Oxalate is insoluble in water, but soluble in oxaHc add. 

The Eebeoctantde does not appear to exist ; for the greenish 
precipitate usually produced by the action of ferrocyanide of po- 
tasdum on aluminium salts seems to be hydrate of aluminium 
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ooataining some cyanide of iron: the colour of the precipitate 
becomes gradually blue. "With some salts, this precipitate does 
not oocnr till heat has been applied. 

The Phosphate is produced by the action of phosphate of 
sodium ; it is a salt bearing a great resemblance to the hydrate. 

Its composition is probably Al, PO^, but it generally contains 
a somewhat larger proportion of the phosphoric-acid radicaL 

It is insoluble in water and salts of ammonium^ but soluble in 
acetic and other acids, and in hydrate of potassium. 

Thb SnJOOFLTJOBiDS IB soluble. 

The other reagents of the first and second groups give no 
characteristic reactions with salts of aluminium. 

The chief reactions employed for the recognition of aluminium 
salts are these, — ^the reaction of the sesquioxide with nitrate of 
cobalt, and the formation of the insoluble hydrate, silicate, and 
phosphate. 

SALTS OF CHBOKIUIC. 

The metal chromium forms numerous combinations with oxy- 
gen, which, however, do not represent entire series: they are 
these,— Cr,0, Cr.O^, Cr^O,, Cr.O,, CrO,,, and Cfr,0^. Two only of 
these oxides correspond to series of salts, — the protoxide (Cr,0) 
and the sesquioxide ([Cr2]30,): the former, or chromous salts, 
are generally of a red colour, often inclining to blue, and are 
much more soluble in hot than in cold water, while the latter, 
or chromic salts, are of a :fine green or blue colour when seen by 
reflected light, but red by transmitted light. The chromous salts 
resemble ferrous salts, as will shortly be seen, in the property of 
dissolving large quantities of nitric oxide gas (N^O,), forming 
dark brown solutions. On account of their great tendency to pass 
into a higher state of oxidation, chromous salts are among the 
most powerM reducing agents known. Both the chromous and 
chromic salts, if heated before the blowpipe, leave a green residue 
of sesquioxide, which remains infusible : they impart no colour to 
the flame, nor do they yield any characteristic reaction with ni- 
trate of cobalt ; but when dissolved in horaXy the sesquioxide pro- 
duces a green head when cold, in whichever flame it has been heated. 
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The metal chromium is recognized hj a peculiar reaction^ which 
no metal hitherto treated of presents. It forms at least one com- 
hination with oxygen, possessing acid properties and playing the 
part of an add radical: with this compound the student has 
already become familiar in the guise of a reagent, viz. the chro- 
mate of potassium. The formation of this substance forms one 
of the best tests of the presence of chromium : it is produced by 
the action of powerful oxidizing agents on any chromium salt of 
a lower degree of oxidation. The most common and conyenient 
method of producing it is to Aise the sesquioxide of chromium 
with nitrate of potassium, a body which readily decomposes and 
parts with its oxygen ; the change may be thus represented — 

4(KNO,)-h(Cr,)303=4(KCrO,)+N,0,+NA. 

Chromateof 
potanium. 

The chromates are remarkable for their brilliant colours ; 
chromate of potassium is a yellow salt, and if dissolved in water 
and added to a solution of nitrate of silver, a fine crimson pre- 
cipitate of chromate of silver is produced, which is very charac- 
teristic. The full details of the reactions of chromic add will be 
found in Chapter VII. 

CHBOMOUB SALTS, OR PK0TO-8ALT8 OF CHROMIUM. 

Solution for the reaotions : — ^protochloride of chromium (CrCl) dissolved 
in water. 

These are oomparatiTely unimportuit, because their existence is very 
transient, owing to the readiness with which they absorb oxygen and pass 
into chromic salts. The protochloride is ,the most easily obteined, and it 
forms the following characteristic compounds when acted on by reagents : — 
the chromate, the hydrate, and the sulphide. 

Thb Gta5idi is produced by the action of cyanide of potassium : it is a 
white precipitate. Its formula is CrCy. It is insoluble in excess of the 
precipitant, but oxidizes rapidly, forming a mixture of the chromic oxide and 
cyanide. 

Thb Chromatb is produced by the action of chromate of potassium ; it is 
a brown predpitate. Its formula is probably CrCrO^, which is equal to 
Or^O,, the formula of the so-called binoxide : this salt, if long washed with 
water, is converted into chromic add and sesquioxide of dhiomiom. 

The Hydrate is produced by the action of hydrate of potassium. It is a 
yellow powder, if guarded from the action of the air ; but on access of air it 
becomes brown. Hydrate of ammonium gives a greenish white precipitate 
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CHBOMIC SALTBy OR 8E8Q17I-8ALXB 07 CHBOlOnf . 

Solution for the reactions :— chromic sulphate ([CraJsCSO J,) in 
water. 

These are the salts of duromiiim which are nsoaUy met with. 
Those rnsolnble salts which characterize the series are the chromate, 
the hydrate, the carbonate, the ferrocyanide, and the phos^iate. 

Ths Ctairdb 18 produced hy the action of cyanide of po- 
tasainm : it is a light bhush-grey precipitate. 

Its formula is Cr,Cy,. 

It is insoluble in excess of the precipitant, but soluble in excess 
of chromium salt : it dissolres in dilute add without decomposi- 
tion, but is decomposed when dissolved in hydrate of potassium. 

The Chbomaib is produced by the action of ohromate of po- 
tassium. It is a yellowish-brown precipitate. 

The formula is Cr,(CrO,)3. 

It is a yery unstable compound, and is perfectly decomposed, 
even by long washing with water, into chromic add and sesqui- 
oxide of diromium, which remains upon the filter. 
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This salt is insoluble in excess of the precipitant, bnt solnble 
in acids, and also in hydrate of potassium, with decomposition 
into chromic add and a sesqui-salt of chromium. 

The Hydrate is produced by the action of the hydrates or 
sulphides of potassium or ammonium, and also by the addition 
of the insoluble carbonates of the alkaline earths to solutions of 
the sesqui -salts of chromium. It is a bulky precipitate, the colour 
of which varies with the precipitant : when produced by hydrate 
of potassium, it is green ; when by hydrate of ammonium, bluish- 
green inclining to bluish-grey. It is thought that these differ- 
ences in colour are due to varying amoimts of water in the pre- 
cipitate. 

The composition of the hydrate dried at 100° C. is Cr^HgO, ; 
but if the precipitate has been dried over sulphuric acid, other 
compounds are obtained, as, for instance, 

2(Cr,H30,)+aq, and Cr,H,0,+aq ; 
if a current of dry air is the only desiccator, the formula of the 
predpitate is 2(CrjH303)-|-7aq. It frequently retains traces of 
its predpitants. 

This salt resembles the hydrate of aluminium in being perfectly 
soluble in excess of hydrate of potassium, from which solution 
it is repredpitated either by neutralization or by the addition of 
chloride of ammonium ; but it dijSers from hydrate of aluminium 
in being reprecipitated from its solution in hydrate of potassium, 
either by long standing or by boiling : the predpitate which thus 
separates has the formula CrJ3.fi^ + 3aq. Hydrate of ammonium 
also dissolves this salt to a certain extent, the amount dissolved 
increasing with the strength of the reagent ; with a veiy strong 
solution of hydrate of ammonium, a pink solution is formed, from 
which the hydrate of chromium is thrown down on boiling as a 
dull violet precipitate. Chloride of ammonium does not affect 
the solubility of this salt. It is readily soluble in the acids, except 
after its precipitation from its hydrate of potasdum solution by 
boiling. 

The Sitlfhate is soluble. 

The Doxtble Sulphate of Chbokitth aitd Fotassiuh is a very 
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sdlnble salt, and Grystallkes well in octohedra, if its solution has 
not been heated above 50^ G. 

Its formnla is K:Cr,(SOJ,+ 12 aq. 

It dissolves in 6 parts of water at the ordinary tempera- 
ture. 

Tecs Cakbokaib is produced by the action of the carbonates of 
potassiuni or ammonium: it is a pale green or a bluish^green 
precipitate. 

Its composition is that of a mixed carbonate and hydrate, and 
appears to be uncertain. 

It dissolves slightiy in excess of its precipitants, forming a 
greenish-blue solution with carbonate of potassium, and a pink 
solution with carbonate of ammonium: from both it is repre- 
cipitated by boiling. It also dissolves readily in hydrate of po- 
tassium and in acids. 

The Oxalate is produced, by the action of oxalate of am- 
monium on chromic chloride, as a pale green precipitate. 

Its composition is unknown ; it is probably a basic salt, for the 
neutral salt (Cr,)203 is very soluble. 

It dissolves readily in many acids. 

The Ferboctajtide aitd the Febbictajtide are not precipitated 
by their respective reagents. 

The Phosphate is produced by the phosphate of sodium as a 
bluish-green precipitate. 

Its composition is unknown. 

Its behaviour with reagents is almost identical with that of the 
the hydrate. 

The other special reagents of the first and second groups, as 
well as those of the present group, yield no precipitates with 
aesqui-salts of chromium. 

The chief means for the recognition of the metal chromium 
are these, — the production of the sesquioxide by the ignition of 
most chromous and chromic salts, and the formation of the chro- 
mate of potassium described above from the salts of either series ; 
the borax bead, and the precipitation and behaviour of the 
chromic hydrate. 
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SALTS OF URANIUM. 

This metal forms a great number of oombiiiations with oxygen : many of 
these, howerer, are probably combinationB of oxides one with another ; for 
corresponding series of salto are not found. Uranium forms two series of 
salts, the uranous corresponding to the chloride UCl, and the uranio repre- 
sented by the chloride U^Clg : the salts of the first series are generally of a 
greenish, while those of the latter are for the most part of a yellowish colour. 

Most salts of uranium when heated before the blowpipe are converted into 
uranous oxide U^O, which remains as a black infusible residue: they impart 
no colour to the blowpipe flame, nor do they give any characteristic reactions 
with nitrate of cobalt ; but when heated toith borax, the glass in the outer flame 
become^ red or yellow while hoty and yellow or colourless when cold, the depth 
of colour depending on the amount of salt present^ while in the reducing 
flame the colour changes to a bottle-green. 

UKAVOUB SALTS, OB PR0T0-8ALT8 OF UBANIUM. 

Solution for the reactions : — ^protochloride of uranium (U CI) in water. 

The principal insoluble salts of this series are these, — ^the hydrate, the sul- 
phide, the carbonate, the oxalate, the ferrocyanide and the phosphate. 

The Ctantdb and Chbomate do not appear to exist Cyanide of potassium 
produces a black precipitate of V^O with eyolution of hydrocyanic acid ; and 
ohromate of potassium produces a yellowish-brown precipitate, which appears 
to be a mixture of uranic chromate and uranous chromite. 

The Hydrate is produced by the action of the hydrates of potassium or 
ammonium, also by carbonates of calcium on solutions of uranous salts ; it 
separates in reddish-brown gelatinous flakes, which turn black by boiling, 
the change being due, it is thought, to loss of water. If not wsshed free from 
its precipitant, it rapidly absorbs oxygen from the air, and is conyerted into the 
yellow compound known as the uranate of potawrium or ammonium (p. 118). 

Its composition is not known. 

It dissolves easily in adds, but, after ignition, is soluble only in concen- 
trated sulphuric acid. 

The Sulphide is produced by the action of sulphide of ammonium. It ia 
a black precipitate, which becomes grey by washing with water, and appears 
to be thus converted into a mixture of uranous hydrate and sulphur. 

Its composition is not known. 

It dissolves in acids, especially in nitric add. 

Thb Sulphate is soluble, and it forms no insoluble double sulphate. 

The Carbonate is produced by the action of carbonate of potassium or 
ammonium. It is a green predpitate. 

Its composition is probably that of a mixed carbonate and hydrate. 

It dissolves in a large excess of its predpitants, espedally in carbonate of 
ammonium, forming a green solution. 

The Oxalate is produced by the action of oxalic add ; it is a greenish- 
white predpitate, which does not oxidize by exposure to the air. 
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The fonnukof the air-dried salt is V^C^O^-^Saq. 

It is insoluble in wator, and but sligfatlj soluUe in hTdroehioric acid. 

The F er ro cya ilidiS ^ prodnoed bj the action of ferrocjaiude of potaa- 
Buzn ; it is a li^t brown precipitate. 

Its formula is U, Cfy. 

It disBolreB slightly in hydrocfalorie or nitric acid. 

Thb Fbrrictakibb is produced by the action of ftrricyanide of potaanum : 
it is a brownish-red precipitate, which appears only after the lapse of some 
time. 

Thx pHOSPHAn is produced by the action of phosphate of sodium ; it is 
green and gelatinous. 

Its formula is UgHPO^+aq. 

It dissolves in concentrated hydrochloric acid, and is reprecipitated by the 
addition of water. 

The other special reagents of the two former subdirisions are not known to 
yield any characteristic precipitates with uranoos salts. 

The chief methods employed for the detection of uranoos salts are these, — 
the formation of the hydrate, the carbonate, and the phosphate. 

UEAHIC OR URANTLIC SALTS. 

Solution for the reactions: — ^the nitrate of uranyle (V^O, NO,) in water. 

lliis series of salts is one of the most remarkable that haye yet been men- 
tioned. The oiide, which is taken as its representatiye, has the formula 
(U^XO, ; but when the other salts of the series are examined, it is found that 
they do not oorrespond to the typical formula, but are all at total Tarianoe 
witJi it: thus the nitrate is U,ONO,, not I^aCNO,),, the ordinary compo- 
sition of a sesquinitrate ; and the sulphate is (IT, 0\ SO4, instead of U^ (SO^), ; 
and these are not imaginary formule, but the simplest ex p r es si ons for tiie 
salts of this series, legitimately derired from uranio oxide or uranic chlo- 
ride by double decomposition, sssnming of course that in the nitrate and 
sulphate the same arid-radicals exist as are found in other nitrates and 
sulphates. The idea was then ooncrired, that uranic oxide was not a sesqui- 
oxide, but a protoxide of the compound basic radical uranyle IT, O ; uranic 
oxide then becomes (U^Oy^O, the chloride V^OCi, and the sulphate 
(Vi^)t^^A' ^^ ^^^^ harmonises with the composition of uranic salts in 
general, nnd is commonly adopted ; its probability is confirmed by the oom- 
poaitioa of certain compounds of antimony and other metals. 

The chief insoluble salts of this radical are these, — the cyanide, the chro- 
mate, the hydrate, the sulphide, the carbonate, the oxalate, the ferrooyanide, 
the ferricyuiide, and the phosphate. 

Thx CrAirina is produced by the action of cyanide of potassium. It is of a 
fine yellow colour. It disBolyes in excess of the predpitant and in nitric add. 

Thb Chbohatb is produced by chromate of potassium. It is a yellow 
precipitate. 

The Hydrate is obtained by the decomposition of the oxalate in sunlight, 
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or by evaporating the alcohol solution of the nitrate. It cannot be pro- 
duced by the action of the hydrates of potassium or ammonium on neutral 
solutions of uranylio salts, since the yellow precipitates which these salts 
occasion are always combinations of potassium or ammonium with uranyle 
and oxygen : they are sometimes called uranates. The composition of the 
potassiimi compound is K(U, O), O ; that of the ammonium compound is 
unknown. They are insoluble in excess of their predpitants : the ammo> 
nium compound is slightly soluble in water, soluble In carbonate of ammo- 
nium, but insoluble in chloride of ammonium; the potassium compound 
diesolyes in the acid carbonate of potassium. 

The SulphicLe is produced by the action of the sulphides of potassium or 
ammonium. It is a brownish-black precipitate, which subsides very slowly. 
Its composition is probably U^ S,. 

It is soluble in excess of the predpitants, and slightly soluble in water, 
yielding a brown solution : it dissolves in acids with decomposition. 

The Sulphate is soluble, and it forms no insoluble double sulphate. 

The Carbonate produced by the action of the carbonates of potassium or 
ammonium is a compound analogous to the hydrate just described. A 
similar compound salt is also produced by the action of carbonate of calcium. 
They are yellow precipitates. 

The composition of the carbonate of potassium precipitate is E3CO,, 
U^OCOg; that of the ammonium compound is similar: both are readily 
soluble in excess of their predpitants. 

The Oxalate is produced by the action of oxalic add : oxalate of potas- 
sium and oxalate of ammonium generally produce a compound salt It 
occurs as a yellow powder or in yeUow crystalline grains. 

Itsoompodtion, when air-dried, is (U^O\0-{-3aq ; when dried at 100® C. 
itis(ITaO)aO-*-aq. 

It dissolves easily in warm solutions of oxalate of potassium or ammo- 
nium, and, on cooling, crystallizes out as the double salt. It dissolves in 
125 parts of water at 14? C, and in 30 parts of boiling water : it is more 
soluble in strong adds. 

The Ferrocyanide is produced by feFroi^anide of potasdum. It is a 
dark brownish-red predpitate. 

Its compodtion is probably (Vfi\Cfy. It dissolves in the carbonates of 
sodium and ammonium. 

The Fekrictakibe is produced by ferricyanide of potasdum. It is a 
brownish-red predpitate. It dissolves in carbonate of ammonium. 

The Phosphate is produced by phosphate of sodium. It is a light yellow 
predpitate. 

Its compodtion is (lJfi)^l?0^+Baq. 

It scarcely dissolves at all in water, but easily in carbonate of ammo- 
nium. 

The spedal reagents of the first and second groups are not known to yield 
any characteristic reactions with uranio salts. 
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The chief means employed for the detection of imnio salts aie these, — 
the blowpipe reactionB, and the formation of the so-called hydrate and ferro- 
cyanide. 

SALTS O? TITAmUM. 

The body titanium forms three oxides ; one only, however, is of sufficient 
importance to be considered analytically, and that is possessed of the proper- 
ties of an acid-radicaL This oxide, the so-called titanic acid, dissoWee in 
hydrochloric and other acids; and from its being precipitated from that 
solution by alkaline hydrates or carbonates, in excess of which it is insoluble, 
its reactions are frequently considered in this group : we shall, howeyer, treat 
of it in the third subdiTision of the add-radicals. 

SALTS OP TANTALUM, KIOBIUM, AND PELOPIUX. 

These three rare bodies aie known to form but one oxide each, which 
plays the part of an acid-radical. They haye been placed in this group for 
the same reason as has been adduced under Titanium ; they, however, ex- 
hibit a difference in their behaviour with hydrate of potassium, being soluble 
in excess of that reagent They will be considered in the third subdivision 
of add-radicals. 

SALTS OF mOK. 

The metal iron resembles uranium and chromium in forming a 
large number of oxides ; many of these are, howeyer, believed to 
be combinations of oxides among themseLves, since they yield 
those oxides as products of decomposition. Thus the oxide Fe^O^ 
may be decomposed into salts of the ferrous and ferric series, by 
the action of the ferroeyanide and the ferricyanide of potassium, 
whence it is argued by some that its real composition must be 
Fe^O, (FeJaOj. The truly important oxides of iron are Fej,0, 
(Fe^^O,, and FeO, : the two former represent series of salts, the 
ferrous and ferric series reepectiyely, while the latter has the 
properties of a compound acid-radical, and as such wiU be treated 
of in the next chapter. Ferrous salts are generally white if 
anhydrous, but when containing water of crystallization they 
are usually of a pale bluish-green. Ferric salts also are often 
white when anhydrous, and of a reddish-brown or reddish- 
yellow colour when crystallized with water. The soluble , salts 
of iron in general have a nauseous metallic taste. 

All salts of iron when heated before the blowpipe are converted 
in the oxidizing flame into (Fe,)3 03, which is brown while hot, 
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and red when cold ; and if this sesquioxide he heated carefully 
in the reducing flame, it is conyerted into the hlack oxide Pe^O^ : 
hoth of these compounds remain infusihle. Iron salts give no 
characteristic reaction with nitrate of cohalt before the blow- 
pipe, and impart no colour to the flame ; but when fMed with 
borax, they produce a bead which in the oandizmg flatne is red 
while Ttot, and yellow afier cooling, and in the reducing Jlame is 
sUghthf yellow while hot, and hoUU-gi^een or colourless when cold. 
The production of a ferrate (MFeO,) does not form the same 
characteristic test for iron as the analogous chromium compound 
does for chromium. Ferrate of potassium (KFeO,) is obtained 
by the action of oxidizing agents on sesquioxide of iron. Its 
aqueous solution is of a magnificent wine-red colour ; but the 
salt is very unstable, giving off oxygen and depositing sesquioxide 
of iron. 

FEBB0X7S SALTS, OS PBOTO-SALTS OF IRON. 

Solution for the reactions: — ferrous sulphate (Fe,SOJ in 
water. 

The chief insoluble salts of this series are these, — ^the cyanide, 
the hydrate, the sulphide, the carbonate, the oxalate, the ferro- 
cyanide, the fenicyanide, and the phosphate. The great tendency 
which these salts have to pass into ferric salts is a serious obstacle 
in observing their reactions, which are in consequence usually 
more or less mixed with the reactions due to ferric salts. 

In making the solution for the reactions, the salt should be 
washed two or three times with water, to dissolve away the 
outer coating ; and, when finally dissolved, access of air should 
be prevented by stopping the mouth of the test-tube with the 
thumb. 

The Gtanide is produced by cyanide of potassium acting upon 
pure ferrous salts, as a light reddish-brown precipitate. 

Its composition is thought to be FeCy. 

It dissolves in acids. It is also very soluble in cyanide of po- 
tassium, uniting with it to form a compound which was formerly 
regarded as a double salt having the formula 2(ECy),FeCy: 
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this compoimd was, however, noticed to differ from other double 
salts, inasmuch as the iron existing in it could not be pre- 
cipitated even by so powerful a reagent as an alkaline sul- 
phide ; nor could it by any means be detected until the oonsti* 
tution of the body was broken up, and its cyanogen (CysCN) 
destroyed by the action of some powerful oxidizing agent : fUsion 
(e.g.) with nitrate or chlorate of potassium would restore the 
iron to the state in which it could be easUy recognized. This, 
coupled with the fact that in ordinary decompositions the sub- 
stance 2(ECy)PeCy divided itself into K, and FeCy,, led to the 
supposition that it was in reality a true salt containiog a com- 
pound add-radical, FeCy,, which was thenceforth called " ferro- 
cyanogen ;" and to its salts the name of ** ferrocyanides" was 
applied. It is a good instance of the way in which metamor- 
phoses take place among complex molecules. 

The CaaoMATB does not appear to exist. Chromate of po- 
tassium gives a yeUowish-brown precipitate with ferrous salts, 
which appears to be a mixture of the chromic and ferric sesqui- 
oxides. This precipitate is partially soluble in nitric add, yield- 
ing a green solution. 

The Hydiate is produced by the action of the hydrates of 
potassium or ammonium on neutral solutions of ferrous salts, 
also by the carbonates of the second subdivision, but only on 
boiling. The hydrate of ammonium precipitates only half the 
metal present in the solution of a ferrous salt, the ammonium 
salt formed combining with the remaining half of the unchanged 
ferrous salt, and producing a double salt undecomposable by the 
excess of hydrate of ammonium present : this has been already 
observed in the case of the salts of magnesium (p. 98) ; it occurs 
thus: — 

2(FeCl)+2(NH,H0)«FeH0+Fea, NH.Q+NH, HO. 

ppt 

When absolutely free from ferric salt, this precipitate is white ; 
but as ordinarily prepared, it is of a greenish colour. It ab- 
sorbs oxygen very rapidly from the air, and la converted into 
red ferric hydrate. 
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The formula is FeHO. 

It is insoluble in exoess of its predpitants ; but the presence 
of ammonium salts prevents its precipitation by these reagents, 
especially by the hydrate of ammonium. Ammonium salts also 
dissolve it when once precipitated, although imperfectly. It is 
readily soluble in acids. 

The Sulphide is produced by the action of the sulphides of 
potassium or ammonium ; it is also produced by the passage of 
hydroBulphuric acid gas into a solution containing a ferrous salt 
dissolved in an ammonium compound, and containing hydrate 
of ammonium, while in neutral or acid sohitions of ferrous 
salts hydrosulphuiic add yields no precipitate, except in rare 
cases, such as the neutral ferrous acetate (FeA), in which partial 
precipitation occurs. It is a black predpitate. 

Its formula is Fe, S ; but it probably contains some water. 

It is insoluble in excess of its precipitants. It is slightly 
soluble in water, forming a green solution, from which it is 
repredpitated by the addition of sulphide of ammonium. It 
dissolves in hydrochloric and nitric adds, but is less soluble in 
acetic acid. 

Thb Sulphate is soluble, 1 pert of the crystals, which have 
the formula Fe, SO^+Taq, dissolving in 2 parts of cold, and in 
three-fourths of boiling water. 

The Dotjble Sulphaxb of Iboh ahd PoiAssmx (KFeS0^+3aq) 
is also soluble. 

The Casbofate is produced by the action of the carbonates of 
potassium or ammonium (but not by carbonate of caldum) ; it is 
a white predpitate, which becomes green and then reddish- 
brown by exposure to the air, from a gradual conversion at first 
into the hydrate of the magnetio oxide (Fe^OJ and afterwards 
into ferric hydrate. 

Its formula is 2(FejC0,)+aq. 

It is insoluble ia excess of its predpitants ; but ammonium 
salts prevent its predpitation by these reagents: it is soluble 
in carbonic and other acids, in most cases suffering decern- 
podtion. 
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The Ozau^te is produced by oxalic add after a time, and 
immediately by oxalate of potawium or ammonium: it is a 
ydlow powder. 

Its formula is Fe,C,0^+2aq. 

It is scarcely soluble in cold water, and dissolves but sparingly 
in boiling water : it behaves similarly with oxalic add. It dis- 
solves in concentrated hydrochloric add, but not in concen- 
trated sulphuric; in warm dilute sulphuric add it is, however, 
soluble. 

The Ferroqraiiide is produced by ferrocyanide of potasdum ; 
it is a white predpitate, which rapidly becomes blue by exposure 
to the air. 

Its formula is KFe,Cfy, or KFeCfy, Fe,Cfy. By exposure 
to the air, or by the action of nitric add or chlorine, it is 
converted into Prusaian blue (Fe^Cfy,), according to the equation 

3(KFe,Cfy,)+4Ca=»2([Fe,lGiy,)+8Ka+PeCl. 
It is nearly insoluble in water. 

The Ferrii^aidde is produced by the action of ferricyanide of 
of potasdum (£,Cfiiy) ; it is a blue predpitate. 

Its formula is Fe,Cfdy. 

It is iosoluble in water and in hydrochloric add. 

The Phosphate is produced by the action of phosphate of 
sodium ; it is a white predpitate, which acquires a dirty bluish- 
green cdour by exposure to the air. 

Its formula is Fe,HPO^. 

It is soluble in hydrate of ammonium, but insoluble in other 
ammonium salts, and in water: it is dissolved by adds. 

The other special reagents of the present and of the two 
preceding groups produce no characteristic reactions in solutions 
of fonous salts. 

Ferrous are distinguished from ferric salts by their hydrate 
and ferro- and ferricyanide. 

FZBBIG SALTS, OB SESaXTI-SALTS OF IBOK. 

Solutioa for the reactions :-H9esquichloride of iron (Fe,CL,) 

dissolved in water. 

b2 
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These salts are produced by the action of many powerful salt- 
radicals upon ferrous salts : thus chlorine and bromine convert a 
ferrous into a ferric salt with the utmost rapidity — 

2(FeCl)-fCl=Fe,Cl, or 3(re,SOJ+Cl,=Fe,(SO,)3+Fe,Cl,; 
and even the oxygen of the air effects the same change, although 
more slowly. Certain acids containing an easily decomposable 
acid-radical, act in a similar manner, and, as a more complex 
substance is concerned, the change is accompanied by a decom- 
position of the acid itself ; thus : — 

2(FeN0.)+2(HN03)=:(Fe,[N0,]3)+N0.+H;0. 
The converse operation, namely, the conversion of a ferric into 
a ferrous salt, is effected by the introduction of some substance 
possessing a tendency to combine with and remove a portion of 
the acid-radical present : basic elements are generally employed 
for this purpose ; and metallic iron may itself be used, thus — 

FeaCl,4-Fe=3(Fea); 
or nascent hydrogen may be employed, i.e» hydrogen at the 
moment of its liberation, before the molecule H has united with 
another molecule to form the gas HH. Nascent hydrogen is 
appUed either by passing some readily decomposable and gaseous 
hydrogen-compound into the ferric salt, as thus, by sulphuretted 
hydrogen — 

2(Fe,Cl,)+H, S=:4(FeCl)+2HCl+8, 
or by decomposing water with some substance having a power- 
ful affinity for oxygen, as sulphurous add, which acts by being 
converted into sulphuric acid during the decomposition, — 

2(Fe,Cl,)+H,0+H,80,«4(FeCl)+2(Ha)+H,80„ 
or by decomposing an add by a metal such as zinc, in the pre- 
sence of a ferric salt, — 

2(Fe,Cl,)+H3 SO,+2Zn=4(FeCl)-f 2(HC1)+Zn, SO,. 
The term '^ reduction" is applied to any such transformation from 
a higher state of combination to a lower one. 

The principal insoluble ferric salts are these, — ^the chromate, 
the hydrate, the sulphide, the carbonate, the oxalate, the feiro- 
cyanide, and the phosphate. Ferricyanide of potassium pro- 
duces a characteristic reaction, but no predpitate. 
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The CrAinDB is not produeed by its appropriate reagent, 
cjranide of potaflshim precipitating from ferric salts ferric hy- 
drate, with erolntion of hydrocyanic acid. 

The Chboieatb is prodaoed by the action of chromate of po- 
tassinm : it is a brown precipitate* 

Its composition is not known. 

It is decomposed by water, especially at the boiling tempera- 
tature, into chromic add and sesqnioaide of iron. 

Xhe B^diate ib produced by the action of the hydrates of 
potassinm and ammoninm, by the carbonates of the second 
groap, and also by the carbonates of manganese, zinc, and copper, 
which, though themsehres insoluble in solutions of fenic salts, 
neyertheless decompose them completely at ordinary tempera- 
tures after standing some time. The hydrate is a precipitate of 
a fine red-brown colour. 

Its formula, when recently precipitated, is Fe, H,0, ; dried at 
100^ C, its composition is (Fe^\0^-^2Bq: and if kept for some 
time under water it becomes (Fe,), H,0„ or (Te^X(KO\ ; a simi- 
lar formula expresses the constitution of the oxalate, and of the 
fenocyanide (Pmssian blue). When precipitated by hydrate of 
potassium, the hydrate contains a portion of the precipitant, 
while the carbonates of the second subdivision precipitate a basic 
salt. 

It is insoluble in excess of its predpitants, and in solutions of 
ammonium salts, but readily soluble in adds, and also to a large 
extent in sesquichloride of iron. 

The Snipbida is produced by the action of the sulphides of 
potasdum or ammonium when a solution of a ferric salt is 
added to a solution of the reagent ; if the contrary course be 
adopted, a mixture of sulphur with ferrous sulphide is pred- 
pitated. The sulphide is black. 

Its oompodtion is (Fe^), S, ; but it probably contains water. 

It is insoluble in excess of its predpitants, but soluble to a 
trifling extent in water, forming a green solution : it dissolves 
in most adds, but not in acetic add. 

The Sulphaib akb Double Sulphate are soluble. 
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The Gabbonate can scarcely be said to exist, the precipitate 
produced by the action of the carbonates of potassinm or ammo- 
nium being chiefly the hydrate, and containing only a minute 
and yariable amount of carbonic acid. The precipitate thus pro- 
duced hsB, however, a peculiar property, vi2. of dissolving in 
concentrated solutions of its precipitants ; it then yields a red 
solution, from which it is repredpitated by boiling, or by dilu- 
tion with water. This solubility is probably due to the formation 
of a soluble double compound containing the two metals present. 

The Oxalate is produced by the action of the oxalates of po- 
tassium or ammonium (not added in excess, lest a soluble double 
oxalate should be formed). It is a lemon-yeUow powder. 

Its formula is Fe^O,, or (Fe,)aO,. 

It is nearly insoluble in water, but soluble in oxalic acid, yield- 
ing a solution which, in the light, gradually decomposes, evolving 
carbonic add gas, and depositing crystals of ferrous oxalate. 

The Ferro<yanide is produced by ferrocyanide of potassium ; 
it is commonly called Prussian blue. The solution to be tested 
should be neutral ; if alkaline, it should be made acid with acetic 
acid ; and if it contains a strong add, an alkaline acetate should 
be added. 

Its formula is Fe^Cfy,, or (FeJ^Cfy,. 

It is insoluble in water and in dilute hydrochloric add, but 
is decomposed by sulphuric, nitric, and concentrated hydro- 
chloric adds, and, in common with all cyanogen compounds, by 
hydrate of potasdum. It is soluble in oxalic add, and also in 
neutral tartrate of ammonium. 

The Ferricyanide, or, as some think, the cyanide (Fe^Cy,), is 
produced by the action of ferricyanide of potasdum : no pre- 
cipitate is formed, for the salt is soluble in water; but the 
colour, a deep green with a tinge of brown, is characteristic : this 
is best seen in very dilute solutions ; in concentrated ones it may 
be mistaken for a precipitate. 

The Phosphate is produced by the action of phosphate of 
sodium : it is a white flocculent predpitate. 

Its compodtion is said to be Fe^ P0^+2aq. 
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It is insoluble in ammonium salts, "with the exception of the 
hydrate and carbonate ; it also dissolves to a slight extent in 
carbonate of sodium. It is soluble in 1500 parts of boiling water, 
and readily dissolyes in weak adds, except cold acetic acid. 

The other special reagents of the present and two preceding 
groups give no characteristic reactions with solutions of ferric 
salts. 

The principal means employed for the recognition of ferric 
salts are these, — ^the borax bead, and the formation of the 
leddLsh-brown hydrate and of the beautiful blue feirocyanide, 
together with the peculiar reaction of ferricyanide of potassium. 

SBcnoir n. — Non-^olatUe 8aU$y not precipitated hy excess of Hy-^ 
drate ofammomum (NH^HO) in the presence of Chloride of 
ammommn (NH^d). 

SALTS OF MANGAIfESB, COBALT, NICKEL, AND ZINC. 

SALTS OF HAKGANSSB. 

Manganese resembles the three preceding metals in forming 
a great number of combinations with oxygen ; but the majority 
of these compounds, like those previously described, are sup- 
posed to be formed by the union of the oxides among them- 
selves. The two oxides l£n,0 and (Mn,)3 03 are the only oxides 
of manganese which represent series of salts ; and of these 
series the former is by &r the more important, and its members 
more numerous. Manganese, like iron, forms a combination with 
oxygen, having in its salts the formula MnO,, and playing the part 
of an acid-radical : manganese also combines with oxygen to 
form another acid-radical with the formula Mn^O^, and which 
is also known in combination with basic radicals in the form of 
the permanganates. Manganous salts are either colourless or 
of a pale rose tint: this colour has been said to be due to the 
presence of cobalt ; and it is also stated that it is owing to the 
presence of a manganic salt, and that, if this impurity be re- 
moved by sulphurous add or an appropriate reducing agent, the 
salt is decolorized. Manganic salts are red. 
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Salts of manganese, when heated before the blowpipe, for the 
most part decompose, leaving the brown oxide (Mn^OJ, which 
remains infusible, imparts no tinge to the blowpipe flame, nor 
gives any characteristic reaction with nitrate of cobalt. Fused 
with borax f all manganese salts colour the bead of a kyaeinthine^ 
red colour in the oxidizing flame, due, probably, to the formation 
of a sesquiborate (Mn3[B02],), while, in the redtudng flame, the 
glass becomes pink, andflwiUy colourless, by reason of the reduc- 
tion of the salt to the state of protoborate : this is much &cili- 
^ted by the addition of a little metallic tin. 

^ere are other means of recognizing the metal, both in man- 
ganous and manganic salts, besides the precipitation of certain 
insoluble compounds and the production of the characteristio 
borax bead ; these are the formation of the manganic and of the 
permanganic adds, — tests as sensitive for the detection of man- 
ganese as chromic acid for the recognition of chromium. These 
acids of manganese are obtained by exposing any manganese salt to 
the action of a substance capable of yielding oxygen ; a mixture 
of carbonate of sodium and nitrate of potassium is generally em- 
ployed: the most minute trace of the metal confers upon the 
fused mass, when cold, a bluish-green tint, which is quite cha- 
racteristic. The formula of manganic acid is HMnO,, and of 
manganate of potassium KMnO,. Permanganic acid is even 
more readily formed, and is a test of great delicacy : the man- 
ganese salt is dissolved in concentrated nitric acid, the solution 
boiled, and then a few grains of peroxide of lead (Pb,0,) added ; 
upon allowing the excess of peroxide to settle down, the super- 
natant liquid will be seen to have acquired a most beautiful 
reddish-violet colour, if but a very minute trace of manganese 
were present. The formula of permanganic add is HMn^O^. 

Manganic add is readily converted into permanganic, and vice 
versd, as the following equations show. Manganate of potassium 
with nitric add is thus decomposed : — 

5(KMnO,)+4(HNO,)=2(KMn,0,)+MnNO,+3(KNO,)+2(H,0); 

while permanganate, with alkalies, yields the manganate, thus, — 
2(KMnaOJ+2(KHO)=4(KMnOa)+0+H;0. 
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MAS&ASOVS BALIS, OS PB0T0-8ALTS OF llAKOAirXSB. 

Solution for the reactions : — sulphate of manganese (Mn^SO^) 
in water. 

The chief insoluble salts by means of which this series may 
be distinguished are these, — ^the cjranide, the chromate, the 
hydrate, the sulphide, the carbonate, the oxalate, the ferro- 
qranide, the feiricyanide, and the phosphate. 

The Ctaiteds is produced by the action of cyanide of potas- 
sium: it is a dirty-yellow bulky precipitate, becoming brown 
by exposure to the air. 

Its formula is MnCy. 

It is soluble in excess of the precipitant, and in strong adds 
with decomposition. Manganicyanogen is formed with difficulty. 

The Chboxatb is produced by the action of chromate of potas- 
sium after the lapse of some time, or more rapidly by boiling the 
solntion. It is a dark brown precipitate. 

Its formula, when dried at 100^ C, is MnCrO^-f aq. 

It is slightiy soluble in water, and soluble in acids. 

The Hydrate is produced by the action of the hydrates of 
potassium or ammonium on neutral solutions of manganous salts ; 
the latter, as in the cases of magnesium and iron (pp. 93 and 121), 
only precipitates half the amount of metal present as hydrate, the 
remaining half forming with the ammonium salt produced in the 
first decomposition a soluble compound not precipitable by ex- 
cess of hydrate of ammonium. One result of this action is, that, 
if a sufficient quantity of an ammonium salt be added to a solu- 
tion of a manganous salt, the subsequent addition of hydrate of 
ammonium produces no precipitate whatever. This solution of 
the manganous salt in a salt of ammonium, or the precipitated 
hydrate (which is white), rapidly absorbs oxygen from the air, 
becoming couTerted into the manganic hydrate. 

The formula of the hydrate is MnHO. 

It is insoluble in excess of its precipitants, but peifectiy 
st^nble in ammonium salts, if no manganic hydrate be present. 

The Sulphide is produced by the action ot the sulphides of 

G O 
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potassium or ammoninm ; it is also produced by passing hydro- 
sulphuric acid gas into an ammoniacal solution of a manganous 
salt; but if the solution of the manganous salt be acid or 
neutral, this gas produces no precipitate, or only the fedntest 
turbidity if the solution be quite neutral. It is a buff or flesh- 
coloured precipitate when quite pure, and very pale when pre- 
cipitated from dilute solutions : by contact with the air it be- 
comes brown. 

Its formula is Mn^ S, but it probably contains some water. 

It is insoluble in excess of its predpitants, bat readily soluble 
in most adds, even in acetic add (if concentrated), with deoom- 
podtion. 

The Sulphate (Mn^SO^+Taq) is soluble. It occurs in pink 
crystals. 

The Double Sulphate op Makgaitbse akd Potassium (ElCnSO^ 
H-3aq) is also soluble. 

The Carbonate is produced by the action of the carbonates of 
potasdum or ammonium ; it is only formed by the action of the 
carbonates of the second group on boiling. It is a pinldsh-white 
predpitate, which does not become brown by exposure to the air. 

Its formula, dried at 88*^ C, is 2(Mn^C0,)+aq. 

It is insoluble in excess of its predpitants, but when recently 
precipitated dissolyes in solution of chloride of ammonium. It dis- 
solves in 7680 parts of water, and in 3840 ports of solution of 
carbonic acid gas (CO,) : in adds it dissolves with decompodlion. 

The Oxalate is produced by the action of oxalic add, or of 
the oxalates of potasdum or ammonium, not added in exoeas, 
lest a compound and soluble oxalate should be formed. It is a 
nearly white powder, crystalline, and usually showing a fiunt 
tint of rose. 

Its formula, when dried at 100° C, is 'Mn^Cfi^+2Bq. 

It dissolves in 900 parts of cold, and in a less quantity of 
boiling water. It is somewhat soluble in an excess of the alka- 
line oxalates, and also in solutions of ammonium salts. Oxalic 
add dissolves it slightly, but abundantly on heating; the 
stronger adds dissolve it more easily. 
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The Fbeboctasidk ia piodiieed by the actian of foroeyanide 
of potaasiniii. It is a wiate precipitate. 

Its Ibniiiila is Mn^Cfy. 

It is insolable in most ammoiiiiim salts. It dLasolTes in hy- 
drochloric addL 

Xhe Fbiricfaaide is prodnoed by the action of ferricyanide of 
potassinm : it is a faromiiah-yeilow precipitate. 

Its foimnla is Mn,Fe,Cy,. 

It is insolable^ or nearij ao, in ammoniom salts, and also in 
hydroehhnic acid. 

Thb PnoflPHAXB is produced by the action of phosphate of 
sodium: it is a white preeipitatey which does not become brown 
on exposure to the air. 

The composition of this salt appears to vaiy with the method 
of precipitation, although the same precipitant (Na^HPOJ be 
need. If excess of the precipitant be employed, adding it to a 
odd neutral solntion of the manganoos salt, a salt of the formula 
Mn,PO^ -^B^Bq is precipitated ; bat if the solution of the man- 
ganons salt be kept in excess and were acid, the precipitate, which 
slowfy forms, has the compoeition Mn,HP0^+3aq. 

The other special reagents of the present and two preceding 
groups produce no characteristic reactions with manganous 
salts. 

The chief means for the detection of manganous salts are 
these, — ^the blowpipe reaction, the formation of the hydrate, the 
sulphide, the carbonate, and the fe rricyanide. 

UAXQAXIC aAI/ra» OB SBSQUI-8ALT8 OV XAKQANBAB. 

Xhe maoguio Mlti an codamndly foliihle; and their tolatioQs are gmerallj 
of a raee-ied oolour. They are bat litHe known, owing to their exoeesiTe 
inatability, being easily reeoWed, in most instances into the corresponding 
manganons salt and salt-radicaL 

Ibe cfaiflf insolnble salts are tbe hydrate and phosphate. 

The Hydrate i* obtained b^ precipiliating eolations of wumganio salts 
([MnJ, [SO4], for example) by the action of carbonate of calcium, also by ex> 
pnfiTig manganons hydrate to the air, or to chlorine ; it is always, howeYer, 
mixed with Mn HO. It is a bolky brown powder. 

Its formola is Mn, H, O,. 
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Thb Phosphatb is only obteined by hesting the Betquiozido (Mn,), O, with 
phosphoric aoid : it is a peach-coloiu«d powder. 
Its formula is Mn,(P04)3+aq. 
It is insoluble in all acids except hydrochloric. 

SALTS OF COBALT. 

There are many points of resemblance between this metal and 
the three preceding. It corresponds in particular veiy closely to 
iron in the number and chemical properties of the oxides which 
it forms. One oxide (Oo,0) is, however, the only one that can 
be said to represent a series of salts, the sesqui-salts, typified by 
the sesquioxide ([Oo^J^O,), being veiy readily decomposed into 
proto-salts and salt-radicak. The remaining oxides are generally 
beUeved to be compounds of these two. The cobaltons or 
proto-salts are generally of a pink or violet colour; and such 
of the cobaltic or sesqui-salts as are known are dark red or 
brown. 

The salts of cobalt, when heated before the blowpipe, generally 
yield a dark green powder of protoxide, which remains infusible, 
imparts no colour to the blowpipe flame, and is not affected by 
nitrate of cobalt : fvi^td with borax, however, they produce ajltu 
blue bead, in bolh the reducing and omdisdng Jiames. 

COBALTOUB SALTS, OB PB0T0-8ALT8 OF COBALT. 

Solution for the reactions : — ^nitrate of cobalt (CoNO,) in water. 

The principal inBoluble cobaltons salts are these, — ^the cyanide, 
the chromate, the hydrate, the sulphide, the carbonate, the oxa* 
late, the ferroc3ranide, the ferricyanide, and the phosphate. 

The CTAirrDE is produced by the action of cyanide of potassium : 
it is a dirty pale-red precipitate, approaching to brown. 

Its composition, when dried over sulphuric add, is CoCy+aq. 

It IB soluble in excess of its precipitant, being converted com- 
pletely, on boiling the solution, into cobalticyanide of potassitmi 
(KgCOjCy, or K,Cocy). IMlute acids produce no precipitate in 
this solution; for the hydrocobalticyanio add formed by their 
action IB very soluble in "M^ater. If the solution of cobalticyanide 
of potasdum be strongly addulated with nitric add, evaporated 
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to drymeiBa, and fosed, the oobtdtieyanide is deeomposed, the 
black oxide (Co,0) is lefty and may be tested befoze the blowpipe. 
The cyanide is soluble in hydrate of ammoninm and most other 
anunoninm salts, especially on heating; but it is insoluble in 
water, and in dilute adds. 

The Ghroxaxb is prodooed by ehromate of potassium. It is 
reddish brown. 

It is thooght to be a basic salt. 

The Hydrate is produced by the hydrates of potassium or 
ammonium ; the lattw exerts the same action as has been ex- 
plained in the cases of magnesium, iron, and manganese, pre- 
cipitating only half the metal as hydrate, the other half remaining 
dissdyed by the ammonium salt produced at first* When fineshly 
precipitated it is blue ; it then changes to violet or a dirty red, 
and finally to green ; this happens more rapidly if the liquid be 
boiled : if exposed to the air it becomes green, and partially con- 
verted into cobaltic hydrate. 

The composition of the blue precipitate is that of a basic salt, 
while the formula of the red one is CoHO. 

It is insoluble in excess of hydrate of potassium, but soluble 
in the more stable ammonium salts ; and therefore, if hydrate of 
ammonium be added to an acid solution of a cobaltous salt, no 
precipitate is produced, because such an ammonium salt is at the 
same instant formed. The hydrate is readily soluble in acids. 

Zha Sulphide is produced by the action of the solphides of 
potassium or ammonium, also by passing sulphuretted hydrogen 
into an ammoniacal' solution of a cobaltous salt. If, however, 
the latter solution be neutral, the gas precipitates it but im- 
perfectly, except in the case of a salt containing a weak acid- 
radical, as that existing in the acetate. Add solutions of co- 
baltous salts are not precipitated at all by snlphuretted hydrogen, 
except in the instances just alluded to ; but even then the acetic 
acid must not be too concentrated, lest it retain some of the 
cobalt in solution. The solphide ia also produced by the addition 
of recently predpitated sulphide of manganese (Mn^S) to solutions 
of cobaltous salts. It is a black predpitate. 
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Its foimnla is Co,S, together with some water. 

It is but very triflingly soluble in excess of its precipitants. 
It is almost absolutely insoluble in acetic add, and is only slowly 
dissolved by the acids (H,SO«, HCl, and HNO,) in the cold; but 
in nitrohydrochloric acid it easily dissolves. 

The Sulphate (Go,SO^+7aq) is soluble. The double sul- 
phate of cobalt and potassium (EGoSO^+3aq) is also soluble. 

The Carbonate is produced by the action of a neutral or add 
carbonate of potassium or ammonium, but not by the carbonates 
of the second group, except at the boiling temperature. It is a 
peach-coloured precipitate. 

Its formula is Co, CO,, 3(CoHO). It contains also some water. 

It is extremely soluble in excess of carbonate of ammonium, 
and slightly soluble in concentrated solutions of the carbonates 
of potassium or sodium. It immediately dissolves in adds, suf- 
feiing decomposition. 

The Oxalate is produced by the action of oxalic add or 
oxalate of potassium. It is a rose-coloured powder. 

Its formula when dried in the air is Co,C,04 4-2aq. 

It dissolves readily in hydrate and carbonate of ammonium, 
and slightly in other ammonium salts. It is almost insoluble 
in water, but soluble in 40,000 parts of boiling oxalic add 
solution. 

The F£RB0GYAim)E is produced by ferrocyanide of potasdum. 
It is a pale blue predpitate, which becomes a greyish-red after 
some time, and, by carefdl heating, assumes a green colour. 

The formula of the dry salt is Co,Cfy. 

It is partially soluble in hydrate of ammonium and in the 
carbonate, but is insoluble in hydrochloric acid. It dissolve^ 
without decompodtion in sulphuric acid, with which, indeed, it 
combines to form a crystalline compound. 

The Ferrii^aiiida is produced by ferricyanide of potasdum. It 
is a dark-red predpitate. 

Its formula is Co,Cfy,. 

It is insoluble in hydrate of ammonium and in hydrochloric 
acid. 
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Ths Phosphate ib prodnoed by the action of phosphate of 
sodium. It is a blue precipitate. 

Its formula appears to be COgPO^. 

It dissolves readily in hydrate of ammonimn, and slightly in 
many other ammonium salts; it is also soluble in phosphoric 
and most other adds. 

The other special tests of the present and two preceding groups 
give no characteristic reactions with cobaltous salts. 

Gobaltous salts may be detected by their blowpipe reaction, and 
the formation of their hydrate, sulphide, and ferricyanide. 

OOBALTIO SALTS, OR SB8QUI-8ALT8 OF COBALT. 

The chief insoluble salt of this series is the hydrate; but the phosphate 
and the ferrocjanide are also known, and are insoluble. Many soluble salts 
of this series may be formed by assolring t2ie seequihydrate in adds ; but 
they are all extremely unstable, decomposing with great rapidity into the oor- 
xesponding proto-salts. The acetate is ahnost the only stable cobaltio salt 

The Hydrate is formed by saturating water, in which some cobaltona 
hydrate or carbonate is sospended, with chlorine, or by exposing an ammo- 
niacal solution of a cobaltous salt to the air until it has assumed a brown 
colour, and then precipitating it with li^drate of potassium. 

Its formula is CSo^H, O3. 

It disBolyee in most adds, generally with evolution of oxygen and forma- 
tion of the proto-salt. It is insoluble in hydrate of ammonium. 

The Solpbide i" produced by the action of hydrowilphurio add, or sul- 
phide of ammonium, on a solution of the acetate. It is a black predpitate. 

Thb FBSBOCTAiriDB is produced by the action of ferrocyanide of potassium. 
It is a dark red predpitate. By excess of the predpitant it is resolyed into 
the green protoferrocfmide (CoaOfy) and ferricyanide of potasrium. 

Thb Phosphati is produced by the adaon of phoephate of sodium. Itis 

a brown predpitate. 

The action of the other spedal tests of the present and two preceding 
groups upon the sesqui-salts of cobalt has in many cases not been ascertained. 

SAX.IS or HICKEL* 

The salts of this metal are ahnost as closely allied to those 
of cobalt as are the salts of erbium and terbium to those of 
yttrium, or the salts of didymium and hmthanium to those of 
cerium ; they have, however, been made the subjects of more 
complete investigation, on account of their occurring in far greater 
abundance. Nickel is only known to form two combinations 
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with oxygen, a protoxide, Ni^O, and a sesquioxide, (Ni^^O,, 
although the existence of a higher oxide has been alleged. The 
protoxide alone represents an important series of salts, the only 
lepresentatiYes of the sesqui-salts being the oxide and the hydrate. 
The proto-salts of nickel are generally of a yellow colour when 
anhydrous, and when hydrated, green. 

When heated before the blowpipe, the salts of nickel leave a 
residue of a greenish-grey or dull black appearance, which is 
infusible, and imparts no colour to the flame : it is not affected 
by nitrate of cobalt solution ; but when fused with borax on the 
platmum wire, it produces a bead which, in the reducing flames 
is opaque and grey, from particles of reduced metal diflused 
through it, whilst in the oxidizing fiame it becomes of a transparent 
brownish orange^red : if, however, a small fragment of nitrate of 
potassium be added to the grey nickel bead produced in the inner 
flame, and the bead be again carefully heated in the oxidizing 
flame, a glass of a red-purple colour is produced. 

VICKEJJOVS SALTS, OE PK0T0-8ALT3 OF NICKEL. 

Solution for the reactions : — ^protosulphate of nickel (Ni,SO^) 
in water. 

The principal insoluble salts are these, — ^the cyanide, the chro- 
mate, the hydrate, the sulphide, the carbonate, the oxalate, the 
ferrocyanide, the ferricyanide, and the phosphate. 

The Qyanide is produced by the action of cyanide of potassium. 
It is a pale greenish precipitate. 

Its formula is NiCy. 

It IB readily soluble in excess of its precipitant, a double salt 
(NiCy, KCy) being formed ; it is, however, reprecipitated as NiCy 
upon the addition of hydrochloric or sulphuric add, since no com- 
pound is formed similar to those produced by iron and cobalt 
under similar circumstances. Hydrate of potassium decomposes 
the cyanide of nickel, with formation of cyanide of potassium and 
protoxide of nickel. The cyanide dissolves quickly in hydrate or 
carbonate of ammonium, and more or less perfectly in most am- 
monium salts. It is insoluble in water and in acids. 
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The Cbhoxatb is ptodaoed by the action of chromate of po- 
taidtun on oertain proto-saltB of nickel^ and is generally preoipi* 
tatod only, or chiefly, on heating the mixed eolations. It is a 
reddish-yellow powder. 

ItB formnla is probably NiCrO,. 

It is insohible in water. 

The Hydrate is prodaeed by the action of hydrate of potassimni 
hydrate of ammonium producing only a slight precipitate, since 
the hydrate of nickel is soluble, not only in the ammonium salt 
produced, but in the precipitant itself. It is a precipitate of a 
pale green colour. 

Its formula is NiHO. 

It is insoluble in excess of hydrate of potassium. AmTnAttmin 
salts readily dissolve it, forming a fine bluish-purple solution. 

The Ehilphide is produced by the action of the sulphides of 
potassium or ammonium, or by the passage of hydrosulphuric 
acid gas into an ammoniacal solution of a proto-salt of nickel, by 
which means sulphide of ammonium is formed. Hydrosulphuric 
acid occasions only a trifling turbidity in neutral solutions of nickel 
salts containing energetic acid-radicals. If, howeyer, the add- 
radical of the salt is weak, as are many of those derived from the 
organic kingdom, then the gas precipitates more of the nickel ; 
this is the case with the acetate of nickel. Add solutions of 
nickel salts are not precipitated at all by hydrosulphuric add, 
except in the cases of the weak adds before mentioned. The 
recently predpitated sulphides of manganese and cobalt, when 
introduced into solutions of nickel salts, also cause the predpita- 
tion of the nickel as sulphide. It is a blade predpitate. 

Its formula is Ni^S. 

It is insoluble in excess of sulphide of potasdum, but some- 
what soluble in excess of sulphide of ammonium; that is, in 
excess of the ordinary yellow sulphide ([NH^J^S+nS), which con- 
tains sulphur. Ck>lourle8B solphydrate of ammonium (NH^HS) 
does not dissolve it. From the solution, which is brownish- 
yeOow, neutralization with acetic add repredpitates it. It is in- 
sohible in water, almost insoluble in acetic add, slightly soluble 
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in hydrochloric add, bat disBolves at once on the addition of 
nitric add. In meet adds it is soluble at the boiling tem- 
peratore. 

The Sulphate (Ni^SO^ + 7aq) and the double sulphate (KNiSO^ 
+3aq) are soluble. 

The Oaebokate is produced by the action of the add or neutral 
carbonates of potasdum or ammonium on solutions of nickel salts, 
and also by allowing the hydrate to absorb carbonic add gas from 
the air. It is also produced by the carbonates of the second sub* 
dividon, but only at the boiling temperature. It is a pale green 
predpitate. 

Its formula is that of the mixed hydrate and carbonate. When 
predpitated at the boiling temperature, it is sometimes of the 
formula Ni^CO,, 6NiH0, after drying in the air, or in vacua. 

It ia soluble in excess of carbonate of ammonium, forming a 
greenish-blue solution. It is but very slightly soluble in a con- 
centrated solution of carbonate of sodium. It is readily soluble 
in most acids. 

The Oxalate is produced by the action of oxalic acid, but by 
the alkaline oxalates only after the lapse of some time. It is a 
greenish-white predpitate. 

Its formula is Ni3G,0^+2aq. 

It dissolves readily in hydrate or carbonate of ammonium, but 
lees easily in other ammonium salts. It is insoluble in water, 
slightly soluble in solution of oxalic add; but it dissolyes with 
oomparatiye rapidity in the stronger adds. 

The FEBBocTAiianE is produced by the action of feriocyanide of 
potasdum. It is a green predpitate. 

Its formula is Ni^Cfy ; but it generally retains a portion of its 
predpitant. 

It is soluble in hydrate of ammonium, forming a red solution ; 
but the ammonium salts in general do not dissolve it. 

The FsBBiCTAinnE is produced by the action of ferricyanide of 
potasdum ; it b a reddish-brown predpitate. 

The Phosphate is produced by the action of phosphate of 
sodium ; it is a pale green predpitate. 
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Its fonnnia is probably Ni, HPO^. 

It is insoluble in water, bat soluble in strong adds. 

The other special reagents of the present and of the first and 
second groups, give no characteristic reactions with protosalts 
of nickel. 

The means usually employed for the recognition of the proto- 
salts of nickel are these, — ^the blowpipe reaction, the precipita- 
tion of the hydrate, of the cyanide, of the sulphide, and of the 
fezTO- and fexzicyanides. 

8B8QUI-8ALT8 OF KICKBL. 

These nits are, as has been stated, unstable in the extreme. The only 
insoluble salts known are the sesquioxide ([Ni^LO,) and the hydrate 
(l^i^HjOj). When the hydrate is dissoWed in acids, proto-salts of nickel 
are immediately formed. The seequundde may be obtained by moderately 
beating the protonitrate. It is also formed when hydrate of nickel comes in 
contact with a hypochlorite, — 

4(NiHO)+CaC10=(Wi,),0,+Caa+2H,0. 
If the solution decanted from the precipitated oxide be boiled, a further 
precipitatioii occurs ; but the precipitate is now the hydrate (ISfi^ H, O,). 

BALIS OF ZINC. 

Solution for the reactions: — sulphate of zinc (Zn^SO^) in 
water. 

The metal zinc differs from the preceding metals in many of 
its chemical characters : it forms only one series of salts, proto- 
salts, of which the chloride (ZnC3^ or the oxide (ZnjO) may be 
taken as representatives. Two other oomhinations of zinc and 
oxygen axe supposed to exist, the suboxide (Zn^O), and the 
peroxide (Zn^O,) ; but their existence is somewhat problematical 
ai present. 

Most zinc salts, when heated before the blowpipe on charcoal, 
leave the white infbsible residue of protoxide (Zn^O), which tn- 
eandeaees strongly, and when romoved from the flame appears 
slightly yellow while hot, and becomes white on cooling. The 
metal itself being volatile below a white heat, if the oxide be 
reduced to the metallic state by exposure to the inner flame of 
the blowpipe, it volatilizes, and, passing through the highly 
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heated air which surrounds the blowpipe flame, oxidizes again, 
and is deposited on a more distant and cooler part of the char- 
coal as an '* incmstation/' The oxide, if moistened ivith a solu^ 
Hon of nitraU of cobalt, and again strongly heated in the oxl* 
dizing flame, is found, after cooling, to have assumed a green 
colour. Zinc salts impart no colour to the flame; and when 
fused with borax on a platinum wire, the bead, if saturated with 
zinc, remains dear in the outer flame, but in the reducing flame 
becomes milk-whitie ; and if very intensely heated, the zinc salt 
is reduced to the state of metal, and alloys with the platinum. 
The metal zinc itself bums in the blowpipe flame with an in- 
tense bluish or greenish white light. 

The principal insoluble salts are the cyanide, the chromate, 
the hydrate, the sulphide, the carbonate, the oxalate, the ferro- 
cyanide, the feiricyanide, and the phosphate. 

Thb Otakibe is produced by tljie action of cyanide of potas- 
sium ; it is a white precipitate. 

Its formula is ZnCy. 

It is soluble in excess of its precipitant, and in excess of the 
hydrates of potassium or ammonium, and in most ammonium 
salts ; it is insoluble in water, but dissolves in acids^ even in 
acetic. 

The Ghbokate is produced by the action of the chromate of 
potassium on solutions of zinc salts. It is a precipitate of a fine 
yeUow colour. 

Its composition appears to vary. 

It is soluble in hydrate of potassium, — chromate of potassium 
and hydrate of zinc being formed, both of which are dissolved 
by the excess of the precipitant. 

The Hydrate is produced by the action of the hydrate of potas- 
sium or ammonium ; it is a white gelatinous precipitate. The 
ammonium salt does not precipitate the whole of the zinc. 

Its formula is ZnHO. 

It is soluble in excess of its precipitants, and in ammonium 
salts ; it is dissolved by most acids. 

The Sulphide is produced by the action of the sulphides of 
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poFtassiiiBi or ammoniuiii on solutions of zinc salts, or hy passing 
sulphuretted hydrogen gas into an alkaline solution of zinc, 
while from neutral solutions of zinc this gas precipitates but a 
small part of the metal present, and from add solutions none at 
all ; the acetate of zinc, however, is an exception, being oom- 
pletelj thrown down bj hydrosulphuric add, whether a neutral 
solution, or one addifiedwith acetic acid be taken. It is a white 
predpitate. 

The formula of this predpitate is ZnHS O ; i. 0. it is a hy- 
drate in which half the oxygen is *' replaced" by sulphur : the 
hydrate has, it will be remembered, the formula ZnTT O,^ Tn 
order to avoid frtu^tions, the formula of the so*called snlphydrate 
of zinc may be thus written, — Zd^H^ 80, or Zd^&,1I^0, 

It is insoluble in excess of its predpitants, slightly soluble in 
acetic add, but readily soluble in stronger adds. 

The Sulphaxb (Zn^O^+Taq) and the double sulphate 
(KZnSO^+daq) are soluble. 

The Casbokate is produced by the action of the carbonates 
of potasdum or ammonium, but is only partially predpitated, 
except after boiling the solution, because, the precipitate being 
a mixed hydrate and carbonate, some carbonic add is liberated, 
which retains a portion of the carbonate of zinc in solution. 

Its formula is ZiyCO,, SZnHO. 

It is somewhat Soluble in excess of carbonate of sodium, more 
60 in carbonate of ammonium, and readily dissolves in the com- 
mon ammonium salts. It dissolves in 44,642 pcurts of water, 
but separates when the solution is heated, and does not re- 
dissolve on cooling. It is readily soluble in most adds, and to 
some extent even in carbonic add. 

The Oxalate is produced by the action of oxalic add or 
oxalate of potasdum on solutions of zinc salts. It is a white 
predpitate. 

Its formula, when dried in the air, is ZnJ0fi^'^2aq. 

It dissolves readily in hydrate or carbonate of ammonium, but 
less easily in other ammonium salts ; it is scarcely soluble in 
water, but dissolves in hydrochloric add. 
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Thk Febboctakibs 10 produced by the action of fbrrocyanide 
of potassimn ; it is a white piecipitate. 

Its fonnula is Zn,Cfy-|-liaq. 

It is partially soluble in excess of its precipitant, soluble in 
hydrate of ftrnwinTiiiiTn and other ammonium salts, and slightly 
soluble in dilute acids. 

The FEBBicrAjrms is produced by the action of ferricyanide of 
potassium : it is a prpQipi|ate of an orange-brown colour. 

Its formula is Zn,iCfy,. ) ^ 

It dissolves readily In hydrate of ammonium and other ammo- 
nium salts. 

The Phosphate is produced by the action of phosphate of 
sodium ; it is a white semigelatinous precipitate, changing to a 
ciystalline powder. 

Its composition is ZuyTTPO^ when the precipitant has been 
added in excess; but if the solution of the sine salt preponderate, 
its formula is Zn^PO^.) ^ 

These predpitabes are soluble in the hydrate and other salts 
of ammonium ; they are insoluble in water, but soluble in adds. 

The other spedal reagents of the two preceding groups exert 
no characteristic action on solutions of sine salts. 

The chief means employed for the recognition of zinc salts 
are these, — the blowpipe reactions on charcoal and with ni- 
trate of cobalt, together with the formation of the hydrate and 
sulphide. 

SsonoN m. — 8aUa of the compound b(ua, which may he volatiUged and 

destroyed by ignition, 

SALTS or MORPHnra, QUIKINB, AND STETOHinNB. 

In addition to the elementuy bario radicals which this third group con- 
tains, we here introduce a few of that large daas of compound bade bodies 
of which so great a number ecdsts, but of which few are of sufficiently fre- 
quent occurrence to warrant consideration in an analytical work. They 
occur in natare, or in natoral products. Morphine is found in optKm, 
the inspissated juice of the Pi^paver eomniferum ; quinine in the bark of the 
Cinohona laneifolia and the allied trees ; and strychnine in the seeds of the 
StrycknM mus^vomiea and other spedee of Stryoknoe : and in thoee substanoea 
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thflso bases esiit anociatod with other bsMs, one or ftwo of wld^ 
in ooi^iinoiioii with them. They sie bodies of gr e et medirinal im portance; 
and as toxioologioal casee firequentl j arise in which these sobstanoes aie ooo- 
cemed, the student ought to be folly aoqmdnted with their reactions. Being 
iiU entirelj constitated of the four elements carbon, hyd rogen, niiro gen, 
and o^gen, tiiej are all rolatile, or dsoompoee, lesnng m residue of oaibon, 
apon tiie application of heat^ and iftay thos be readily itiitjngnishetl from 
every other member of the group with whidi, by the action of reagents* they 
may occasionally be confounded. Another peculiarity which they present, 
is the ready solubilify of their salts in aloohoL lliese compound bases com- 
bine directly with acids to form salts without the disengagement of hy- 
drogen, as is the case with certain elementary basic radicals which hare 
been described. On this account* these substances can sosroely be con- 
adered as baaio radicals; tar the sake of conTenience we will term them 

hatiobodiet, 

sAJurs OP Mosranx. 

Solution for the reactions: — hydrochlotate of morphine (Oi7H^HO,Gl 
+3aq) in water. 

Tbe Tery complez basic body morfhane, combines with aoids to finrm 
perfectly stable salts : all tiiese salts are, however, formed after one type- 
that of a proto-salt ; and their general formula is consequently MS. 

Morphine, like quinine and strychnine, may be regarded aa an ammoma, 
and like ordinary ammonia (NH,), when combining with acids, becomes a 
salt of ammonium (HH4) : thus 

BHj+HOlssNH^Ca; C„H,gNO,+Ha = C„H^NO,a 




tnniurt**- hydroeUonte of bmhpUbs. bTdbtMUorateofnMrpUae, 

*«ff*"***^, or chloride or rtiloridg ci morf^uii^ 

Salte of morphine are generally very solnble in water and alcohol, but 
insoluble in ether. They are without colour, unless their add-radical intro- 
duces it ; their taste is bitter, and they are poisonous. When heated they car- 
bonize, i.e. suffer complicated decomposition, one of the results of which is 
the separation of carbon ; this residual carbon will bum entirely away if 
free access of air be allowed, the heat being still maintained. With otiier 
agents also^ as sulphuric add, peroxide of lead, Ac, characteristic products 
of decomposition are obtained, by means of which mozphine may be re- 
cognised: — 

a. When powdered morphine, or a concentrated solution of a morphine 
nltk ie projected into a concentrated solution of forric sulphate^ which must 
be neotral, or but sliglitly acid, the latter is coloured of a deep blue. This 
colour disappears by the addition of add or alcohol, or upon the application 

cfheat. 

fi. The addition of nitrio add to a salt of morpfaineb or its concentrated 
aftiiitjfln^ givaB a reddidk oraoge-colonr, which passes into a yellow. 
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Among inaoloble morphine nlto are the following: — the chloroplatinate, 
the cerbaaotate, the hydrate, the ferrocyanide, the ferriiTamdei and the 
phosphate. 

Morphine ia alw^ya anodated with another base, narootine (among 
others), which may be thus distingniahed : — its hydrate is insoluble in hy- 
drate of potaasium, but soluble in ether, wlule concentrated nitric add 
dissolyes narootine without coloration, becoming yellow, howerer, on 
heating. 

Thb Chbom ATI AKD Otahidh aie unknown. 

Ths Chloboplatihati is produced by the addition of ohloroplatinic acid 
to a solution of a salt of morphine. It is a yellow, cordy precipitate. 

Its composition is C„H^N0,Pt01,. 

It is somewhat soluble in water, and may be cryttalliaed. 

Tu GARBAioTAnB is unknown. 

Th6 Hydrate is produced by the action of a fery dilute solution of 
hydrate of potassium (not in excess) upon solutions of morphine ; it is also 
produced by the carbonates aiid add carbonates of the alkalies. It is a white 
predpitete. 

Its compodtion is C„HgoNO,HO. 

It is eadly soluble in the hydrates of potassium and caldum (lime-water), 
in the hydrate and chloride of ammonium, but is scarody soluble in cold 
water; boiling water dissolyes about ^^gth of ite weight of the hydrate. In 
cold alcohol it is but slightly soluble, but it dissolyes more readily at the 
boiling temperature. It is insoluble in ether. Most adds dissolye it 

Thb Sulphtdbatb is unknown. 

Thb Sulphatb is yery soluble. 

Thb Cabbohatb is produced only when a solution of carbonic add gas, 
made under pressure and saturated with morphine, is connderably cooled 
without the preasure being remoyed. 

Thb Oxalatb is hardly known. 

Thb Fbbbootanidb is not well known ; but it appears to be soluble. 

Thb FBBBioTAiriDB is produced by the action of ferrioyanide of potaanum 
upon solutions of morphine salts. It is a yellow crystalline predpitate. 

Thb Phosphatb is produced by phosphate of sodium as a crystalline pre- 
dpitete yery soluble in water. 

The action of many of the spedal reagento of the present and two pre- 
ceding groups upon morphine salto has not been ascertained. 

Morphine is generally recognised by the reactions with ferric sulphate and 
nitric add. 

SALTS or QUUrHTB. 

Solution for the reactions : — sulphate of quinine ([O^H^N^O J^SO^ +7aq) 
in dilute sulphuric add. 

The compound basic body quinine unites with most adds to form salto of 
great stability. They are all formed upon the type MB^ the chloride^ or 
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TaSher the hjdrodilorate, hasmg the farm^ C^qH^N^O^CI, which is eqoi- 
TBlflnt to QuHd, Qu being the symbol for 1 equTalent of the basic body, or 
Qmmonia'qmmne (C^Hj^NjO,). 

Salts of i^mniiie are not nsoally rery soluble in water. Some of their add 
solutions exhibit the yery remarkable phmomenon ctfiuoreteence or epipoiie 
di^persion^ — a magnificent blue luminosity seen upon the surfiuse of the liquid 
when viewed in reflected light, and which is owing to a change effected in the 
actinic rays by the dissolred quinine salt The hydrochlorato of quinine 
does not exhibit this curious property. Quinine salte are, for the most part, 
eztremel J soluble in alcohol, while some disaolTe also in ether : generally they 
are without colour, and very bitter in taste. When heated, they generally 
leaTc a residue of carbon, unless with an acid>radical (as in the chlorate) con- 
taining much oxygen : such salts, indeed, usually explode. Peculiar products 
of decomposition may be obteined by the action of many reagente ; and by 
these and other methods this body may be recogmsed. 

Among these reactions are the following : — 

a. If to a solution of a quinine salt, freshly prepared chlorine water be 
added, and then a few drops of hydrate of ammonium, a green colour is 
obtained ; and if too much of the hydrate has not been added, the addition of 
a few drops more of chlorine water will conTcrt the green tinge into a Tiolet, 
and finally into a deep red. 

/3. Concentrated nitric acid diMolvee quinine and many salts of quinine, 
forming a colourless solution, which becomes only faintly yellow on heating. 

Among the insoluble salto of quinine are the hydrate and the sulphate. 

Quinine is inyariably associated to a large extent with oinchonine, which 
may be distinguished firom quinine by the insolufaiUty of its hydrate in dry 
ether. Addition of chlorine water causes no coloration in a solution of a 
dnchonine salt, while the subsequent addition of ammonia produces a yel- 
lowish-white predpiteto. 

Tm CflttOHATB AHD Cyakidb are unknown. 

Thb ChIiOBOPLAtihatb is produced by the action of chloroplatinic add : 
it is a pale yellow floocnlent predpitato, which becomes orange and crystal- 
line by agitation. 

Ite formula is said to be CaoH35N3 0„H(PtGl,),-haq. 

Ths Pbbcrlokatb is soluble, and the Garbasotatb is unknown. 

The IB^drate » produced by the action of the hydrates and carbonates 
of potassium or ammonium, and by the sulphydrate of ammonium : it is a 
white curdy predpitete. 

Its formuUi is C^B:^lS^O^,'Ei,0-k'2aq. 

It is but slightly soluble in hydrate or carbonate of potaasium, but dis- 
solves more readily in hydrate of ammonium ; it dissolTes in 350 parte of 
oold, and in 400 parte of boiling water ; it is extremely soluble in alcohol, 
and somewhat so in ether. It is dissolyed by most adds. 

Tbk Sctlphtdratb is not known. 

Thb Sujlphatb ii the commonest .salt of quinine : it is comparatiTely m- 
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soluble in oold water, requiring 266 parte of water ai 15^ C, and 24 parte 
of boiling water, for solution ; it is extremely soluble in alcohol, and some- 
what so in ether ; it is dissolved by most acids. 

Thi Gaabovatk is only obtained by allowing a carbonic acid solution of 
hydrate of quinine to evaporate spontaneously. 

Thi Oxalatb is obteined by adding oxalate of ammonium to a solution 
of the acetate of quinine : it is a white predipitete, and is but slightiy soluble 
in oold water or alcohol, but soluble in boiling alcohol. 

Tm FsKBOCTAiriDa is produced when akx^lio solutions of hydro- 
ferrocyanio acid (H^Ofy) and of quinine are mixed, and separates as an 
orange crystalline precipitate. 

Ite composition is 0^ H^ N, O,, H,, Cfy3+2aq. 

Thb Fbrrictakidb is produced by the action of a concentrated solution 
of ferricyanide of potassium on a solution of hydrochlorate of quinine con- 
taining some free hydrochloric acid, and is precipitated as a golden-yellow 
crystalline powder. 

It is easily soluble in water. 

Thb PnosrHATi is a white crystalline body, jury soluble in hot phoa- 
phoricaoid. 

S1LT8 OF STRTCHKnOL 

Solution for the reactions : — hydrochlorate of stiyohnine (C,| H,, N, O^ CI) 
in water. 

The compound basic body strychnine combines with most acids to form 
very stable salts, which are formed upon the type MR. 

Moat salte of sfcryohmne are soluble in water; they are colourless unleaa 
their acid-radical introduces colour ; they are intensely bitter and exceed- 
ingly poisonous : when heated they usually carbonise, and yield with some 
reagente characteristic producte. 

Strychnine may be recognized — 

a. By dissolving the base of ite salt in a drop of concentrated sulphuric 
add, and adding to the solution one drop of a solution of ohromato of po- 
tassium, when a purplish-blue colour is produced, which changes to red. 
The presence of sugar and of quinine is said to interfere with this test, but 
not when applied as follows : — the sulphuric acid solution of strychnine, 
to which a few drops of nitric add has been added, is mixed with a few 
grains of peroxide of lead (Fb^O,), when the liquid becomes successively 
blue, violet, and greenish-yellow*. 

jS. Concentrated nitric add dissolves strychnine, forming a solution co- 
lourless in the cold, but which becomes slightiy yellow on heating. If to 
this solution a small quantity of peroxide of lead be added, the same ohangee 
of colour may be witnessed as in the preceding experiment. 

* These and similar experiments, where a transparent colouration is pro- 
duced, should be performed upon a fragment of white porcelain. 
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Among the imolnble nits of ■tfydmhie an theie, — the ohi0mate» the 
dJoroplatinriff, and the hydrate. 

StrTohnine ia aaaooiated in nature, to a certain eKtent» with another baae, 
bmcine, which may be readily diadngniwhed from it by being aolnble in 
abaolute aloc^L The action, too, of nitric add upon the two bodiea differa : 
it diBBolYes hrueine, and colours the aolntion intensely red ; when heated, 
tfaiB colour changea to yellow ; and if atannona diloride or sulphide of am- 
monium be then added, the colour again changea and becomes a most intense 
▼iolet 

Thb Chboxatb is produced by the aotion of chromate of potassium : it 
is m brownish-yellow precipitate, slightly soluble in cold water or alcohol, but 
mooh more soluble in boiling water. 

Thb CrAKmi does not exist 

Thb Chloboplativatb is produced by the action of chloroplatinic acid on 
h jdrodilorate of strydmine. 

Its composition is C^^K^'S^O^VtCi^. 

It is almoat insoluble in water and in weak and boiling alcohol, also in 
ether. 

Thb Pbkchlokatb ia oompamtiTdiy insoluUe in water, but far more 
BoluMe in aloohoL 

Thb Cabbixotatb is unknown. 

The Hydrate is produced by the action of the hydrate or caibonate of 
potaaaium, and of the hydrate of ammonium on solutions of stfychnine 
salts (not too dilute) : it is a white precipitate, which appears crystalline 
under the microscope. 

Its composition probably is C^^ H,, N, O,, HO. 

It is insoluble in hydrate or carbonate of potassium, but soluble in hydrate 
of ammonium. It ia almost insoluble in water, 1 part requiring 6667 parta 
of water at 10^ 0. for solution, and 2600 parts of boiling water ; neverthe- 
leaa its cold aqueous eolation, when dilated with 100 times its volume of 
water, possesses a marked degree of bitterness. It is very soluble in alcohol, 
but inaolahle in absolute alcohol or ether. It dissolves in meet adds. 

Thb ScTLFHTBiULTB is unknown. 

Thb Cabboitatb is said to be produced when a strychnine salt ii pred- 
pitsted by an alkaline carbonate. 

Thb Oxalatb and thb Sitlphatb are soluble. 

Thb Fbbboctanidb is produced by mixing saturated solutions of ferro- 
cyanide of potassium and of a strychnine salt, and is a predpitate composed 
of nearly colourleas needles. 

Ita composition ia (02iH„N302),Cfy+4aq. 

It is but sli^tly soluble in cold water or alcohol, but fiur more soluble in 
these Uqmds at the boiling temperature. 

Thb Fbbbictahidb appears to be soluble. 

Thb Phospbatb is soluUe ; thb Silicoflvobidb does not exist, being re- 

h2 
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■olyed, at the momeiit of its fomutioii, into hydroflnato of strychnine and 
silicic anhydride (Si^ O,). 
The other apeaial reagents of the present and tiro preceding gronpe are 
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Nora. — 4* means that the precipitate formed by the reagent 
* means that a precipitate occurs, not of the salt 
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not known to givo any ohanoterutio raotionB with aolutioiis of itryohnme 
«dtB. 
Stzyclmine is ubuaIIj dotected by its reaction with chromic add. 

BSAOnONS. 



(866 page 125) 
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pale green 
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pale green 

greenish' 
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greenish 
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yellow 

pale green 
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yellow 
white 
white 
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white 



Ferric salts 

give tJie same 

blowpipe 

reactions as 
£bitous salts. 



With NajCOj 
amen mass. 
The borax- 
bead is grey 
in the inner, 
and amethyst 
in the outer 
flame. 



The borax- 
bead in either 
flame is deep 
blue. 



The borax- 
bead is red- 
brown in the 
outer, and 
grey in the 
inner flame. 



With CoNO, 
the oxide as- 
sumes agreen 
colour; with 
carbonate of 
sodium on 
charcoal, a 
yellow incrus- 
tation, white 
when cold. 



added is similar in composition to that above it. 
indicated opposite in the first column, but of the hydrate. 
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In the Table which we append to this group we have purposely 

unfrequently, but are generally asao- 

Analytis of 

The metals of more common occurrence only being included^ 

IBON (feiTous or ferric), MANGANESE, 



DiflBoWe in hydrochlorio add ; boil with a few diopa of nitric add, and 
ammonia. 



A predpitate may contain 
Uranium, AlmrniwinTn, Chromium, or Iron. 

The predpitate ia washed, and difieated with carbonate of ammoninm 
in the oold, then filtered ; if not whcmy diBsolyed, we infer the 



abaence of 
Uranium, 
confirmed 
by addine 
acetic ada 

andfer- 
rocyanide 

ofpotaa- 
aum. ^ 



preaenceof 

Aluminium, Chromium, or Iron. 

Bediflsolye in h^rdroohloric add, and add exoeaB of hydrate 
of potamium; if^the predpitate at first formed is finally 
entirely diasolyed, we infer the 



absence of 

Iron. 

* 



presence of 

Aluminium or Chromium. 

Boil the solution. If no predpitate ia pro- 
duced, we infer the 



absence of 
Chromium. 



posdble presence of 

Aluminium, 

wfaidi may be ascertained by observ- 
ing whether the addition of chloride 
of ammonium produoea a pred- 
pitate. 



« If a predpitate is in any case obtained, the reaotiona 
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omitted to mention the rarer metals^ sinoe they not only occur 
dated also with but few other bodies. 

SubdivishnUI, 

the salt may be one of raAHiuic, AlUMINHJM, CHEOMITJM, 
NICKEL, COBALT, or ZINC. 

add some quantity of solution of diloride of ammonium, and exoees of 



No precipitate will indioato the preeenoe of 

Manganese, Kickd, Oobalt» or Zino. 

Add lolplude of ammonium, wash any precipitate wldeh may form 
tlioroii^y, di8K>lTe it in nitro-hydrocUoric aoid, and add enoesa of hydrate 
of potaannm ; the formation of any precipitate wiU indicate the 



of 

Zinc. 

This may 

beoon- 

fJiTned faj 



tfaaifchydro- 
aolphniie 
acJapto- 
dooesno 

predpitite 

in this 

•oliiticm. 



preaenoe of 

Manganeee, Nickel, or Cobalt. 

Bediasolre in HCl, and add exceia of carbonate of am- 
monium ; the formatbn of no precipitate indicates the 



absence Of 



presence of 

Nickel or Cobalt 

Acidify with acetic aoid, add cyanide of po- 
tassium in excess, boil the solution, and add 
slight excess of hydroohlorio add ; the formation 
of no predpitate mdicates the 



absence of 
Nickel. 



possible presence of 

Cobalt, 

which may be ascertained by erapo- 
rating to arjnent and obserrmff whe- 
ther the residue colours the borax- 
bead blue in both flames. 



moat be rafiBmd to, and confirmatory tests chosen. 
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SUBDIVISION IV. 

SALTS OF CADMIUM, COPPER, SILVER, MERCURY, LEAD, 
BISMUTH, PALLADIUM, TIN, ANTIMONY, ARSENIC, PLA- 

TINUM; KHODIUM, RUTHKNIUM, IRIDIUM, 08MIT7M, OOLD, 
TimGSTEN, MOLTBDEKXTM, AND VANADIUM. 

The metals of this subdiyision bear a veiy great resemblance to 
those of the last group, both in the number and the composition 
of the insoluble salts which they form : two members, indeed, 
of the present subdivision, cadmium and copper, differ in but 
few particulars from the general chemical characters of iron, 
nickel, cobalt, and zinc ; but some metals of this class form in- 
soluble chlorides and iodides, as copper and mercury (cuprous 
and mercurous chlorides), and also silver, lead, and platinum 
(argentic, plumbic, and platinous chlorides). As a general rule, 
however, the salts of the present and of the preceding subdi- 
vision correspond very closely in relative solubility and inso« 
lubility, — the chlorides, sulphates, silicofluorides, &c. of the 
fourth subdivision being soluble like those of the third, while 
the chromates, hydrates, carbonates, sulphydrates, sulphides, &c. 
are insoluble, at least for the most part, and thus resemble the 
similar salts of the third group. The great characteristic which 
enables us to arrange the metals whose names are given above into 
a distinct group, is the precipitation of their sulphides by hydro- 
sulphuric acid gas, not only &om neutral, but also from acid solu- 
tions, — ^the ready solubility of the sulphides of the former sub- 
division in acids being, it will be remembered, one of its 
distinguishiag features. But, in addition to this, a new pecu- 
liarity manifests itself in the deportment of the sulphides of the 
present group, by means of which its farther division into 
sections is effected. The peculiarity alluded to, is the solubility 
of a great number of these sulphides in alkaline sulphides, and 
the insolubility (under the same conditions) of the remainder. 

A new feature is also to be observed in the members of this 
group, namely, their ready decomposition with precipitation of 
metal by the introduction of a sheet or bar of certain metals 
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into their Bolutioiis: the metals zinc and iron are especially 
active in this respect, they simply act by assuming the place of 
the precipitated metal, thus — Cad+FessPeCl+Cu. 

The salts of the metals contained in this subdivision are some- 
times called " salts of the heavy metals." 

The first six metals of this subdivision are of frequent oc- 
currence ; and of the remainder, tin, antimony, platinum, and 
gold are the most important. The most abundant are copper, 
silver, lead, mercury, and tin; but others, mich as cadmium, 
bismuth, and antimony, as weU as some of quite the rarer ones, 
such as tungsten, molybdenum, and vanadium, exercise so very 
important an influence upon the commoner metals when alloyed 
with them, as to demand such attention from the student as 
may enable him to recognize these rarer bodies by their re- 
actions : it is equally, if not more important, that he should be 
able accurately to recognize the presence of platinum and gold, 
on account of the great value set upon those metals. 

It has just been mentioned that by the action of an alkaline 
sulphide, such as sulphide of ammonium (in which agent some 
of the sulphides of the present group are insoluble, while the 
remainder are soluble), we can separate this extensive subdivi- 
sion into two sections ; we shall adopt this method of arrange- 
ment, and here give a list of the members of each section. 
Another reaction is advantageously made use of for the still 
further subdivision of the former of these sections, namely, the 
formation of the insoluble aigentic, mercurous, and plumbic 
chlorides by the addition of hydrochloric acid ; the other chlo- 
rides of the group being soluble, are thus separated from these 
three bodies, and are subsequently precipitated in the form of 
sulphides. 

Swmoir L--SALTS OF CADMIUM, COPPER, SILVER, MERCURY, 

LEAD, BISMUTH, and falladiuu. 

Salts of metals which form sulphides insoluble in sulphide of 
ammonium ([NHJ^S). 

h5 
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ScoriOH n.-fiAI/rS OF TIN, AITTIMONY, ABSENIC, PLATIKUK, 

RHODIUM, RDTHnriUM, IRIDIUM, OSMIUM, €K)LD, TUKG8TRN, MOLTBDBrUM, 
AND TIHADIUM. 

Salts of metals which fona sulphides soluble in sulphide of 
ammonium ([NH^], S). 

The tests employed for the lecognition of the members of this 
group are the following : — hydrochloric acid or a soluble chloride, 
iodide of potassium^ cyanide of potassium, chromate of potas- 
sium, the hydrates of potassium and ammonium, sulphydrate 
and sulphide of ammonium, the carbonates of potassium and 
ammonium, oxalic acid and oxalate of potassium, sulphuric acid 
or a soluble sulphate, ferrocyanide and ferricyanide of potassium, 
phosphate of sodium, and hydrosulphuric add. 

The group test is hydrosulphuric acid (H,S) in an acid 
solution. 

SicnoK I. — Salts of metals which form sulphides insoljMe in 

StiJphtde of ammonium ([NH^], 6). 

SALTS OF CADMIUM, COPPER, SILVER, MERCURY, LEAD, 

BISMUTH, AKD PALLADIUM. 
SALTS OF CADiaUX. 

Solution for the reactions: — chloride of ^.ftilininni (Odd) in 
water. 

Cadmium is a metal which presents so many features ana- 
logous to those of cine, the last member of the preceding sub- 
division, that its most fitting place is at the beginning of the 
present group. 

Cadmium, like many of the succeeding metals, appears to 
form an oxide containing half as much oxygen as the common 
oxide (Cd,0), and the formula of which consequently is Cd^O ; 
the former oxide (Cd^O) only is the representative or starting- 
point of the large number of salts which this metal yields. 

Salts of cadmium, when heated before the blowpipe on pla- 
tinum foil and in the oxidizing flame, undeif;o no change except- 
ing the separation of the red-brown oxide, which remains in- 
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ftiflible; bat if heated on a zedneiiig suifaoe such as charcoal 
affords, and in the inner flame of the blowpipe, these com* 
pounds are redaced to the metallic state, while the metal volati- 
Uses, becoming oxidized as it passes through the flame into the 
air, and then condenses on a distant part of the charcoal as a 
red-brown incmstation of oxide (Cd,0). It imparts no colour 
to the bbwpipe flame ; when heated, however, with borax on a 
phttinnm wire and in the oxididng flame, a transparent bead is 
prodoced, which, if saturated with the cadmium salt, becomes 
milk-white on cooling. In the reducing flame the metal is re- 
duced, and if sufficientlj heated, volatilized; before this is 
effected, however, the wire will probably be spoilt from the 
cadmium having formed a ftisible alloy with the platinum. It 
yields no characteristic reaction with nitrate of cobalt. The 
salts of cadmium are white, unless the add-radical introduces 
colour. 

The chief insoluble salts by means of which cadmium is 
recognized are the hydrate, the sulphide, the carbonate, the 
oxalate, the fbrrocyanide, the ferricyanide, and the phos- 
phate. 

A bar or plate of metallic iron introduced into the solution of 
a cadmium salt, does not precipitate the metal ; but a bar of zinc 
removes the cadmium from its solution, the zinc combining with 
the add-radical. 

Thx Ghloxidx is soluble. Ths lonna is readily soluble. 

Ths Chboxatb is yellow. 

Thx Gtaitide, according to some chemists, is soluble ; accord- 
ing to others, cyanide of potassium produces a precipitate with 
sulphate of cadmium (Cd,SO^), soluble in excess of the pre- 
cipitant and in warm ammonia-water, but insoluble in solu- 
tions of other ammonium salts. 

Hie Hydrate is produced by the action of hydrate of potas- 
sium, and is partially precipitated also by hydrate of ammonium : 
it is a white precipitate. 

Its formuk is CdHO. 

It dissolves readily in hydrate of ammonium and in many 
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other ammoniTun salts, and readily in acids, suffering decom- 
position. 

The Snlphide is produced by the action of hydrosolphnric add 
or the sulphides of potassium and ammonium on solutions of 
cadmium salts; it is precipitated even from solutions acidified 
by dilute mineral acids, and of course also separates from neutral 
or alkaline solutions. It is a brilliant rich yellow precipitate. 

Its formula is Cd, S. 

It is very slightly soluble in hydrate of ammonium, but dis- 
solves easily in concentrated hydrochloric or nitric adds, and 
even in dilute hydrochloric at the boiling temperature, although 
precipitable from its add solution by hydrosulphuric add gas. 

The Sulphate is soluble. 

The Oaebonate is produced by the action of the neutral or 
acid carbonates of potassium or ammonium : it is a white pred- 
pitate. 

Its formula, dried at 100° C, is Cd^CO,. 

It is insoluble in water, and in excess of its predpitants, but 
readily soluble in solutions of ammonium salts, and with decom- 
position, in acids. 

The Oxalate is produced by the action of oxalic add or alka- 
line oxalates on solutions of cadmium salts : it is a white crystal- 
line powder. 

Its formula, dried at 100° C, is Cd3C,0^+2aq. 

It dissolves in the hydrate and in most other ammonium salts ; 
it is nearly insoluble in water, and in solution of oxalic add. 

The FKBBOcrAKiDE is produced by the action of feixocyanide 
of potassium : it is a yellowish- white predpitate. 

Its formtda is Cd^Cfy. 

It is soluble in hydrate of ammonium, but does not completely 
dissolve in other ammonium salts. 

The Pebbictaiode is produced by the action of ferricyanide of 
potasdum : it is a pale yellow predpitate. 

Its formula is CdyCfdy. 

It dissolves readily in hydrate of ammonium and in most 
other ammonium salts. 
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The Phosphate is produced by the action of phosphate of 
sodinm : it is a white precipLtate. 

Its formula is probably Cd,PO^. 

It is insoluble in water. 

The other reagents of the present and three preceding sub- 
divisions produce no characteristic reactions in solutions of cad- 
mium salts. 

The chief methods onployed for the detection of cadmium are 
these, — ^the formation of the red-brown incrustation on charcoal, 
and the precipitation of the hydrate, readily soluble in ammonia, 
and of the brilliant yellow sulphide, insoluble in alkaline sulphides. 

SALTS OF COPPEB. 

The metal copper presents some analogy with cadmiimi, dif- 
fering, however, from it, among other characters, in forming two 
distinct and well-defined series of salts, the cuprous and cupric 
salts, of which the oxides Cu^O and Cu^O, and the chlorides 
Cu^Cl and CuGl may be considered as representatives. 

Salts of copper when heated are converted into the oxide 
(Cn^O), and before the blowpipe on charcoal may be reduced to 
the metallic state with the flame alone, although the reduction 
of the oxide may be much more readily effected if it be heated 
vrith carbonate of sodium. In this and in all cases in which 
it is sought to reduce a metal in order to ascertain whether the 
operation has been successfiil or otherwise, it is better to remove 
the mass fix)m the charcoal, to powder it finely in a mortar, to 
stir up the powdered mass with water, and to allow the mixture 
to rest in order that the metallic particles may settle. Lastly, 
the liquid is to be poured off while it stilL holds the impurities 
present in suspension, and the agitation with fresh quantities of 
water, and decantation, to be repeated until the metallic particles 
are at length obtained perfectly pure and free from the char- 
coal, &c. which at first obscured their presence and rendered it 
doubtful. By this process, also, the malleability or brittleness 
of the metal under examination can be ascertained ; for if, under 
the pestle, the globule of metal flattens out into a lanuna, it may 
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be pronounced malleable ; and if^ on the contrary, it is found to 
have been broken into minute fragments or powder, it must be 
considered brittle. Copper salts, when heated upon charcoal, 
give no incrustation, since neither copper nor its oxides are 
perceptibly volatile at the temperature employed; nevertheless 
many copper salts are sufficiently volatile to impart a pure 
green colour to flame. Nitrate of cobalt gives no reaction with 
cupric oxide. When heated with horax on a platinum wire, 
salts of copper give in the aandi^ng flame a bead which is of a 
flne green cohur tvTUle hot, and 62ue wTien cold, whilst, in the 
reducing flame, it becomes at flret colourless, on account of the 
reduction of the cupric to the cuprous salts, or, if ftdly saturated, 
a hrick-red bead is obtained on cooling. Copper salts are poison* 
ous. Cuprous salts are either colourless or red ; cupric salts are 
green, or if anhydrous, white : the former are converted into the 
l&tter on exposure while moist to the air, or to the action of 
such oxidizing substances as nitric acid, &c. 

The metals iron, zinc, and cadmium precipitate copper from 
cupric salts ; the two latter, however, precipitate a copper con- 
taining zinc or cadmium. Tin and lead also precipitate copper 
from some cupric salts ; and bismuth also, at the boiling tem- 
perature, precipitates a very impure metaL The presence of 
copper is frequently ascertained by immersing metallic iron in a 
solution of a copper salt 

CimiOUS SALTB. 
Dt- OB BUB-SAUrS Or OOPPBB. 

Ckdution for the reactions: — ouproos chloride (Cii,Gl) in hydroohlorio 
add. 

The principle ineoluble oalte by means of which the caproue salts aie xe- 
cognixed are theee, — ^the hydrate^ the sulphide, the fenocyanide, and the 
fenriojanide. 

ICany of the cuprous salts, such as the oxalate and the phosphate, either 
do not exist, or split, at the moment of their formation, into metallic copper 
and the corresponding cupric salt. 

Thb Chlobidb is obtained by the action of stannous chloride (SnCl) on a 
solution of cupric chloride (CuCl), when the following reaction takes 

place:—— 

2Cua+8na=Cu2Cl +SnCl2. 

cup. chlor. 
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Tbis nU mty also be prepued by boOing metaUio copper with an acid lola- 
lion of oaprio chloride. It is a white powder, which ^inay, howerer, be 
GtTifadliied from its hydrochhwic add solution. It slowly becomes green 
on aipoenre to the air. 

The formula of this salt is Co, CL 

It is nearly insoluble in water, but easily soluble in hydroohlotio add, 
yielding a brown solution, firom which a large volume of water predpitatea 
the greater part of the salt; it diswlyes also in hydrate of ammonium, 
giving a colourless solution whidi rapidly becomes blue on esposure to the 
air, a cupric salt being formed, and oxygen absorbed. 

The lodida is produced by the action of iodide of potaanum on solution 
of cuprous ddoride; also, it is said, by predpitating a oaprio salt with 
iodide of potassium, iodine being liberated, thus — 

CujSO^-hSKLsKjSO^+Oual+L 

It is a brown-red powder. 

Its formula is Cn^I. 

It is somewhat soluble in hydrochloric add. 

Ths CHBOMAra is unknown. 

Thx Ctahidi is produced by the action of cyanide of potasdum on solu- 
tions of cuprous sslts : it is a idiite curdy predpitate. 

Its formula is Cu,Cy. 

It dissolves in the hydrate and in many other ammonium salts ; it dis- 
solves also in strong hydrochloric add, but is insoluble in warm dilute sul- 
phuric acid. 

Xhe Hydrate ^ produced by the action of hydrate or carbonate of po- 
tasdum upon solutions of ouprons salts : it is an onunge-yellow powder. 

Its formula is that of an oxyhydrate, in which the oxide (Ca,),0 pre- 
dominates. 

It is soluble in hydrate of ammonipm, yielding a colourless solution if the 
air be exduded ; it is said to dissolve in almost all adds, even in the weakest, 
without suHering a profound change, for such solutions still afford cu- 
prous salts by double deoompodtion. This hydrate is, however, only 
thus soluble in adds when moist, but when anhydrous, is at once decom- 
posed by them. 

The Solphide i* produced by the action of hydrosulphurio add on 
add, neutnd, or alkaline solutions of cuprous salts; it ii a black pre- 
dpitate. 

Its formula is Cu^S or (Cvi^\B, 

It dissolves with difficulty in strong boiling hydrochloric add, but is atr 
once decomposed by cold nitric add into cupric nitrate and cupric sul- 
phide ; alter ebullition with nitric acid, of course, all the copper exists in the 
form of cupric mtrate. 

Ths Svlphatb does not exist Turn Caebohatb is not known. 

Tbs Qxalatb ii produced by the action of oxalic add or oxalate of po- 
tsssinm : it is a white powder, whidi dianges after a time to a blue-green. 
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Its formula ia not known. It dinolyes readily in the hydrate and car- 
bonate of ammonium, but to a slight extent only in other ammonium 
salts. 

Ths Ferroctaitidk ia produced by the action of ferrocyanide of potaa- 
sium on solutions of cuprous salts : it is a white flaky precipitate, which 
becomes reddish brown firom conversion into the corresponding oupric 
salt 

Its formula is (Cu.^).^Ofy. 

It is soluble in the hydrate, but not in other ammonium salts. 

Thb FiRBiCYANiDB is produccd by the action of ferricyanide of potassium 
upon solutions of cuprous salts. It is a red-brown precipitate. 

Its formula is (Cu^), Cfdy. 

It dissolves readily in the hydrate, but is insoluble in other ammonium 
salts. 

The other special tests of the present and three preceding groups exert no 
characteristic or well-defined action on solutions of cuprous salts. 

The means usually employed for the detection of cuprous salts are these, — 
the formation, and behaviour with ammonia water of the insoluble chloride, 
and the precipitation of the iodide, hydrate, and sulphide. 



CITPBIC SALTS. 

Solution for the reactions :—cupric sulphate (Cu^SO^) in 
water. 

The chief insoluble salts by means of which copper, in this 
form of combination, is recognized are these, — ^the chromate, the 
cyanide, the hydrate, the oxide, the sulphide, the carbonate, the 
oxalate, the ferrocyanide, and the phosphate. 

The Chlokidb ia soluble. 

The Iodide does not exist. A oupric salt, with iodide of po- 
tassium, yields cuprous iodide and free iodine. 

The Chbomate is produced by the action of chromate of po- 
tassium upon solutions of cupric salts. It is a dull yellowish 
brown precipitate. 

Its formula is probably CuCrO,. 

It dissolves in hydrate of ammonium, forming a green solution, 
and is readily soluble also in dilute nitric acid. 

The Ctakide is produced by the action of cyanide of potassium 
on solutions of cupric salts. It is a brownish yellow precipitate, 
which decomposes spontaneously, at ordinary temperatures, into 
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cyanogen gas (CN) and a combination of cuprons and cnpric 
cyanide (Cu,Cy, CuCy). 

Its formnla is CuCy-faq. 

It is readily dissolved by excess of its precipitant. 

The Hydrate is prodnced by the reaction of equivalent quan- 
tities of a cold solution of hydrate of potassium or ammonium^ 
and of a cold solution of a cupric salt. K the precipitant be de- 
ficient in quantity, a green basic salt is precipitated. The hy- 
drate is a flocculent blue precipitate. 

Its formula is CuHO. 

This precipitate is somewhat soluble in excess of hydrate of 
potassium^ from which solution it is completely reprecipitated by 
ebullition^ in the form of the black or cupric oxide (Cu^O) ; it is 
also readily soluble in hydrate of ammonium, fonning a deep blue 
solution. The state in which the copper exists in this ammo- 
niacal solution is very remarkable. The metal is believed to 
have replaced part of the hydrogen in the oompotmd molecule 
NH^, and to constitute a new compound basic radical, known 
as cnprammonium (NH,Cu). Other similar compound radicals 
have been obtained, in the form of salts ; and in them two or 
more equivalents of the hydrogen in ammonium have been re- 
placed by copper. When the cupric sulphaU is treated with 
hydrate of ammonium, it is the sul^phaie of cnprammonium* that 
is formed ; and so with other salts. 

The Oxide is produced by the action of a boiling solution of 
hydrate of potassium on solutions of cupric salts, or by boiling 
the hydrate with hydrate of potassium. It is a granular-black 
precipitate. 

Its formula is Cn^O. 

It is readily soluble in hydrochloric, sulphuric, or nitric acid. 

• The formulA of tiiiB salt isf Ni N/^H,'\ I ) ,S04+aq;foriti8tobe 



K^to]);"^' 



obaerred that tlieae oompoimd ammomuina are rendered still more complex 
by tihe oaprammonium itself repladng 1 eq. of hydrogen in ordinary am- 
monium (NH4). 
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The Sulphide is produced by the action of hjdroBulphnrie acid 
on solutions of cupric salts, whether alkaline, neutral, or add. It 
is precipitated in black flakes, which, when exposed to the air, 
absorb oxygen, passing into cupric sulphate. 

Its formula is Co, 8. 

It is insoluble in the hydrates of potassium, sodium, or am- 
monium, and in the sulphides of potassium and sodium, but 
dissolves slightly in sulphide of ammonium; it is soluble in 
cyanide of potassium. Concentrated boiling hydrochloric acid 
dissolves it slowly, with evolution of hydrosulphuric acid, — ^while 
nitric add decomposes it more readily, with separation of sulphur, 
and formation of sulphuric acid and of cupric nitrate. 

Teb Sulphaib is soluble. 

The Cabbokaxb is produced by the action of carbonate of 
potasdum on solutions of cupric salts ; it is a greenish blue pre- 
dpitate, which, by boiling, is converted into cupric oxide. 

Its formula is that of a mixed carbonate ^md hydrate, Cu,CO„ 
CuHO. 

It is slightly soluble in excess of its predpitant, forming a 
bluish solution ; in excess of carbonate of ammonium it dissolves 
perfectly, forming a deep blue solution (containing a salt of 
cuprammonium) : the carbonate dissolves also in other ammanium 
salts ; it is soluble in cyanide of potasdum, is insoluble in water, 
but dissolves readily in adds, with decompodtion. 

The Oxalate is produced by the action of oxalic add, or of the 
alkaline oxalates, not added in excess (to avdd the formation of 
soluble double salts), on cupric salts. It is a pale blue predpitate. 

Its formula is Ci^C,0^-|-aq when dried at 100^ C. 

It dissolves in excess of alkaline oxalates, in hydrate or car- 
bonate of ammonium, but is insoluble, or but slightly soluble, in 
other ammonium salts. It is insoluble in water or in oxalic add, 
but soluble in hydrochloric add. 

The Ferrocjanide is produced by the action of f errocyanide of 
potasdum : it is a flocculent precipitate of a fine brownish red 
colour. 
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Its formula is Cii,Cfy. 

It is insoluble in ammonium salts, also in water and in most 
acids ; but it ib soluble in conoentrated sulphuric add, and repre- 
dpitable from the solution by water. 

Ths FwaacYAmDiB is produced by the action of ferricyanide 
of potassium on cupric salts; it is a greenish-yellow preci* 
pitate. 

Its formula is beUered to be Gu,Cfdy. 

It dissolves in hydrate and carbonate of ammonium ; but it is 
insoluble, or nearly so, in other ammonium salts. 

The PHosPHiiTB is produced by the action of phosphate of 
sodium : it is a greenish blue precipitate. 

Its formula is probably Cu, FO^. 

It dissolves but slightly in ammonium salts, is insoluble in 
water, but dissolves in almost all acids. 

The other special tests of the present and three preceding 
gixmps are without well-defined action on solutions of cupric 
salto. 

The means chiefly employed for the recognition of cupric salts 
are the preciiHtation of the black oxide, the sulphide, and the 
fenoeyanide. The blue colour of the ammoniacal cupric com- 
pounds is also very characteristic of these salts of copper. 

BAJOB OF SILVSB. , 

The salts of silver bear some resemblance to those of copper, — 
the principal points of resemblance being the formation of two 
series of salts, and the existence of similar relations in the case 
of both metals to the compound basic radical ammonium. The 
di- or sub-salts of sQver, or argentous salts, are not by any means 
80 numerous or well-defined as the cuprous salts ; and indeed the 
axgentous oxide (Ag^O) is almost the only well-known member of 
the series, — a series which is quite unimportant in an analytical 
point of view, and which we do little more than mention. The 
argentic salts will be described at length ; and of them the ar- 
gentic oxide (Ag,0) and the argentic chloride (AgCl) may be 
considered typical. Silver salts are poisonous, but are occasion- 
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ally employed in medicine : their taste is generally nauseous and 
metallic ; some, however, are excessively sweet. 

Salts of silver, when heated before the blowpipe on charcoal, 
are reduced very readily to the metalUc state, and still more 
readily in the presence of carbonate of sodium; they foniish no 
incrustation upon the charcoal, nor do they impart any colour to 
the flame. When heated with borax, an opalescent or milk*white 
bead is produced : in the reducing flame the glass becomes grey 
from the reduced silver disseminated through it ; the borax af- 
terwards becomes dear, the metal running into a globule, 
which then alloys with the platinum wire. With this and many 
subsequent metals this experiment is not usually tried, as it 
furmshes no decisive result except the destruction of the pla- 
tuium wire ; if the experiment be performed, it may be done on 
charcoal. 

Iron, zinc, cadmium, lead, and tin precipitate metallic silver 
from most soluble salts of that metal, and very generally, when 
placed in contact with insoluble silver salts, equally effect their 
reduction, the silver appearing as a grey, brown, or black mass, 
usually spongy (see p. 60). Ck)pper reduces silver in the form of 
minute spangles, while mercury forms an alloy with it. Other 
metals, as bismuth, antimony, and arsenic, also reduce silver, but 
less effectively. Many salts also, the metal of which has a ten- 
dency to pass into another and higher stage of combination, exert 
a similar action : ferrous sulphate and stannous chloride are ex- 
amples of these salts : — 

3(AgNO,)+6(Fe, 80,)=3Ag+(Fe,X (N0,),+2([Fe,l [80,].) ; 

Ferroua sulphate. Ferric nitrate. Ferrie sulphaAe. 

AgNO, + 2Sna= Ag -f SnNO, + SnCl^ 

Stannous chL Stannic chL 

ARGENTOUS SALTS. 
DI- OR SUB-SALTS OF SILVEB. 

Of these the ohloride and the oxide are almost the only examples known. 
The argentouB ohloride (Ag^Cl) is said to be produced by dissolring the oor- 
responding oxide (Ag^ O) in hydrochloric acid ; and by some it is asserted 
to be the grey yiolet or blue compound produced by exposing argentic chloride 
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(Agd) to the action of light while in the moist state: the latter 10 said to 
undergo the following deoompoeition : — 

2Aga=Ag,Cl+Gl. 

ASOEKTIC SALTS, 0£ SZLYBR 8AL3!8. 

Solntioii for the reactions: — ^nitrate of silver (AgNO,) in 
water. 

The chief insoluble salts which serve for the recognition of the 
compounds of silver are these, — ^the chloride, the chromate, the 
cyanide, the hydrate, the sulphide, the carbonate, the oxalate, 
the ferrocyanide, the ferricyanide, and the phosphate. 

The Chloride is produced by the action of hydrochloric acid or 
any soluble chloride on solutions of argentic salts ; it is a heavy 
white curdy precipitate, becoming violet and finally black by ex- 
posure to light. It fuses without decomposition, to a yellowish 
red liquid. 

Its formula is AgCl. 

It is soluble in cyanide of potassium, in the chlorides of the 
aUcaline and some other metals, also in the alkaline hyposulphites ; 
it dissolves easily in hydrate of ammonium, which, if concen- 
trated, deposits cryBtalline films of a compound containing chloride 
of silver and ammonia. It is somewhat soluble in concentrated 
hydrochloric acid, but absolutely insoluble in water. In a solu- 
tion of mercuric nitrate (HgNO,) it dissolves. 

Thb Iodibb is produced by the action of hydriodic add or a 
soluble iodide on solutions of argentic salts. It is a yellow curdy 
precipitate, which becomes of a deeper colour when heated, and 
may be fused at a higher temperature. 
Its formula is Agl. 

It is dissolved to a considerable extent by a concentrated solu- 
tion of the chlorides or iodides of potassium or sodium, but is in- 
soluble in water or acids. In hydrate of ammonium it is less 
readUy soluble than the chloride or bromide of silver. 

The Ctakide is produced by the action of cyanide of potas- 
sium on solutions of argentic salts: it is a curdy white pre- 
ei^tate. 
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Its formula is AgCy. 

It is soluble in excess of its precipitant^ and in the hjdrate 
and other salts of ammoniain ; it dissolves sparingly in boiling 
dilate nitric acid, and is decomposed by the concentrated adds, 
especially on boiling. 

The Chromate is produced by the action of chromate of potas- 
sium on aigentic salts : it is a granular precipitate, of a fine dark 
crimson. 

Its formula is AgCrO,. 

It is soluble in excess of its predpitanty also in hydrate of 
ammonium ; it is insoluble in water, but is dissolved by most adds. 

The Hydrate or Oxide is produced by the action of the hydrates 
of the alkaline metals or of barium : it is a precipitate of an olive- 
green colour, dianging rapidly to a brown. 

The precipitate at first produced is believed to be the hydrate, 
which rapidly decomposes into water and the oxide, thus — 

2(AgHO)=H,0+Ag.O. 

It is readily soluble in Cjranide of potassium and in hydrate of 
ammonium, and suffidently soluble in water to impart to it a 
perceptible metallic taste and an alkaline reaction; it dissolves 
readily in most adds. Care should be taken, after experimenting, 
to predpitate the ammoniacal soluti<Hi of argentic oxide which 
has been obtained, with hydrochloric add (with formation of 
argentic chloride), sinoe fuhnnating silver is occadonally de- 
podted from it, although it generally decomposes with separation 
of metallic silver. The three formuhe, NAg,, NAgH,, and 
NAgH,, have been assigned by different chemists to the body 
termed fulminating silver. 

The Sulphide is produced by the action of hydrosnlphuric add 
on alkaline, neutral, or add solutions of silver salts : it is a blade 
predpitate. 

Its formula is Ag, 8. 

This salt is insoluble in cyanide of potasdum and in hydrate of 
ammonium, which are the solvents for most silver salts ; it is 
also insoluble in alkaline sulphides, in water, and in dilute adds : 
it dissolves m concentrated sulphuric and nitric adds. 
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Thb Su£phaxb IB produced hy the aetioii of the alkaliiie and 
otiier soluble salphatoB, and of Bolpharic acid, vifoa atrong aofai- 
tiona of silver salts: it is a white dystaDine precipitate. 

Its formula is Ag, 80^. 

This is by no means an insolnhle salt, 1 part dissdlyiDg in 87 
parts of water; it is more sdtohle in nitric acid, and still more ao 
in concentrated solphniic acid, from which solntion it is partly 
precipitated by the addition of water. 

The Cabbovate is produced by the action of the neutral or add 
carbonate of potasaimn : it is a white precipitate, which rapidly 
assomes a yellowish bnif colour. 

Its formula is Ag,CO,. 

This salt readily dissolves in cyanide of potasainm, and is also 
sohible in the hydrate and carbonate of ammoninm. It is in- 
Bolnble in water, but easily soluble in most adds. 

Thb OxAUkiB is prodaced by the action of oxalic add on soln* 
tions of argentic salts : it is a white predpitate. 

Its formnla is Ag,C,0^ ; bnt it contains a little water (2 per 
cent.) mechanically retained. 

It disaolyes in the hydrate and carbonate of ammomnm, and in 
warm solntions of other ammonium salts ; it is scarcely soluble in 
water, but dissolves in nitric add. 

Thb Febboctabidb is produced by the action of feriocy a nide of 
potasdum : it is a white predpitate. 

Its formula is Ag^Ofy. 

It dissolves in cyanide of potasdum and in hydrate of ammo- 
nium, but is insoluble in other ammonium salts; it dissolves 
partly with deoompodtion in concentrated sulphuric or nitric 
adds, but is not acted on by other acids, not even by hydrochloric. 

Thb Ekbbictakidb is produced by the action of ferricyanide of 
potasdum on argentic salts, or by the action of nitric add on the 
femx^anide : it is an oiange-yeUow predpitate. 

Its formula is Ag,Gfdy. 

It dissolves in a large proportion of cyanide of potasdum, and 
easily in hydrate or in a hot solution of carbonate of ammonium, 
but not in other ammonium salts. 
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The Fhosphate is prodaoed by the action of phosphate of sodium 
(Na, HPO^) on solutions of ai^gentic salts : it is a bxilliant lemon- 
yellow precipitate. 

Its formula is Ag, PO^. 

It is insoluble in water, bat dissolves in cyanide of potassium, 
also in hydrate of ammoninm, but less easily in other ammonium 
salts; in most adds it dissolyes readily. 

The other special tests of the present and three preceding sub- 
divisions exert no characteiistic action upon solutions of argentic 
salts. 

The reactions usually employed for the detection of argentic 
salts are these, — ^the formation of the insoluble chloride, chromate, 
oxide, and phosphate, and the general solubility of these salts in 
hydrate of ammonium. 

SALTS OF KEBCrniX. 

Salts of this metal possess some features in common with tiiose 
of silver, but at the same time are characterized by such pecu- 
liarities of their own as to render their detection veiy easy. 
Mercury, like copper and silver, enters into a compound ammo- 
nium ; and it also forms, like those metals, two series of salts, 
the mercurous and mercuric : the salts of both these series are 
generally colourless when neutral, unless the acid-radical is 
coloured, and of a jeHow tint when basic. The mercurous salts 
are both more numerous and more important than the correspond- 
ing compounds of the two preceding metals. The formula of 
mercurous oxide is Hg^O, and of mercurous chloride Hg,01, 
while mercuric oxide is represented by the expression Hg,0, and 
mercuric chloride by HgCL 

The metal itself being volatile, all its salts are necessarily either 
volatile or decomposable by heat ; and consequentiy the ordinary 
blowpipe examination, by which metallic compounds are often 
recognized, fedls in this instance. This volatility fdnuahes, how- 
ever, the best method for the detection of mercury when the 
following plan is adopted. The mercury salt is mixed with about 
three or four times its bulk of dry carbonate of sodium (Na^OO,), 
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and the miztnre introdnoed into a nanowtabe (a) made of 
hard glass free from lead, and haying a small stoat holb at its 
lower end ; the mixture shoiild occupy abont the 
space shown at A in the figure. The bnlb and its 
contents are then heated strongly before the blow- 
pipe^ when the following decompositions take 
place: — 

2(HgCl)+Na^C0,=2(NaCl)+Hg;,C0„ and 
Hg,C0,=2Hg+C0,+0. 
The mercniy condenses about B in figoie h, as 
distinct metallic globules if an appreciable qnan- mirror on the inte- 
tity of mereory were present, or, if the qnantity "xt a is a duty 
were very minute, as a grey sublimate, the par- ^ '^ 
tides of which may be easily collected into obvious globules by 
cutting the tube off below B, and inserting and turning round, 
in the tube cut off, a splinter of wood. 

Mercury compounds may also be recognized when in solution 
by adding to the liquid a few drops of hydrochloric acid to ori- 
ginate the action ; and then by immersing in the mixture a few 
fragments of copper foil, and boiling, the mercury is deposited 
upon the copper, thus — 

HgCa + Cu;»0u01 + Hg. 
In the foregoing experiment the presence of nitric add should 
be avoided, as it would dissolve all the mercury which would 
otherwise be liberated. The strips of copper used, when quite 
dry, may be placed in a narrow tube and strongly heated, when 
the mercury will volatilize and condense in the upper part of the 
tube in the form of the usual grey sublimate. 

Mercurous salts in solution are not acted on by iron, but are 
decomposed with separation of metallic mercury by zinc, cadmium, 
copper, lead, and bismuth, though at the commencement of the 
action a white or yellow predpitate is formed, consisting of a 
besie salt. Tin, antimony, and arsenic act less perfectly, while 
ferrous sulphate and stannous ddoride act upon mercurous salts 
as they do upon those of silver. Upon solutions of merouric salts 
the metals above mentioned act much in the same manner, but 
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more slowly, usually at first reducing the mereuiic to the mer- 
curous salt. 

The salts of mercury exert a very deleteiious action upon the 
animal odconomy ; they are employed in medicine. 

MXBCX7B0T7S SAXT8, OB DI- OB 8T7B-BALT8 OF irBBCTBT. 

Solution for the reactions: — ^mercurous nitrate (Hg^NO,) in 
water. 

The principal insoluhle salts of this series are these, — ^the 
chloride, the chromate, the oxide, the sulphide, the carbonate, the 
oxalate, the ferxocyanide, the ferricyanide, and the phosphate. 

The Chloride is produced by the action of hydrochloric acid or 
soluble chlorides on solutions of mercurous salts. It is a dense 
white precipitate. 

Its formula is Hg,Cl. 

It is insoluble in the hydrates of potassium and ammonium, 
but is decomposed by them with formation of oxide ; it is very 
triflingly soluble in the chlorides of the alkaline metals. It does 
not perceptibly dissolve in cold hydrochloric or nitric add ; but it 
is dissolved by these adds after long boiling. It is easily soluble 
in nitrohydrochloric add or in chlorine water, with formation of 
mercuric chloride. 

The Iobede is produced by the action of hydriodic add or 
iodide of potasdum upon solutions of mercurous salts, or by tai- 
turating an insoluble mercurous salt (Hg,Cl for instance) with 
those reagents. It is a duU-green powder. 

Its formula is Hg, I. 

With excess of its predpitant it decomposes into mercuric 
iodide (Hgl) and mercury ; many other bodies which exert no 
solvent action act similarly. Boiling concentrated solutions of 
the chlorides of sodium and ammonium dissolve mercurous iodide 
to a slight extent. It is almost insoluble in water and adds. 

The CrAinBE does not exist. 

The Chromate is produced by the action of chromate of potas- 
dum on mercurous salts ; it is a predpitate of a bright red colour, 
turning black by exposure to light. 
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Its composition ib that of a basic salt ; if boiled in nitric add 
it is oonverted into the neatral chiomate Hg,CiO,. 

It diflsolres sparingly in anunonium salts ; it is slightly soluble 
in cold water, bnt more so in boiling water ; it also perceptibly 
dissolTes in nitric add. 

The Oadde is produced by the action of hydrate of potassium* 
on solutions of mercurous salts : it is a predpitate of a brownish- 
black colour. 

Its foimula is Hg^O, which, like other oxides of the same type, 
IB perhaps more intelligible when written (HgJ^O. 

This salt is decomposed either by ebullition with its predpitant, 
or with solutions of many other salts, or eyen with water only, 
into mercuric oxide (Hg,0) and mercury. 

The Sulphide is produced by the action of hydrosolphuric add 
upon alkaline, neutral and add solutions of mercurous salts ; it is 
a black predpitate. 

Its formula is Hg^ S, which may be written (Hg,), S. 

When boiled with water or with solutions of various salts, it 
exhibits a similar tendency to that shown by the oxide, in dividing 
into mercuric snlphide (Hg, 8) and metallic mercury. It is in- 
soluble in sulphide of ammonium, but decomposed by sulphide of 
potasdum into mercuric sulphide, which dLssolves, and metallic 
mercury, which separates; it also behaves in a similar matter 
with hydrate of potasdum. In dilute adds and in concentrated 
nitric add it is insoluble ; but it is dissolved by nitrohydrochloric 
add. 

Thb Sulphate is produced by the action of sulphuric acid or 
sulphate of sodium on mercurous salts (such as the nitrate) : it 
is a heavy white crjnstalline predpitate. 

Its formula is (I^,), 80^. 

* When hydnto of anmumium acts upon solatioiiB of merouiooB salts, » 
black oompoond is formed siinilar m constitation to the oompoundfl oon- 
faMTifng copper or nlver formed in the same way. In the case of the mer- 
eiirous Baits, however, the oompoond ammoniiims are generally insoluble ; if 
ineroiiric nitrate be employed, the following reaction takes place : — 

3(HfoNO,)4-3(OT[^ HO)=2(NH,NOa)-l-3H,0+NH(Hg,)„ NO,. 

i2 



172 CHEiaCA£ BSACnOKS. 

It diBSolves in dilute nitric acid, from which solution it is 
precipitated hy dilute sulphuric add : it is very sparingly soluble 
in water; in hot concentrated sulphuric acid it dissolves, but 
ciystaUixes on cooling. 

The Cabbokatx is produced by the action of carbonate of 
potassium ; it is a yellow precipitate. 

It formula is (Hg,),CO,. 

Tins salt decomposes spontaneously into mercnrous oxide 
([S.g^O) and the gas CO, ; it is slightly soluble in excess of its 
precipitant and in many adds. 

Carbonate of ammonium produces in mercurous solutions a grey 
or black predpitate, which probably has a similar constitution to 
that of the hydrate of ammonium products. 

Tex Oxalate is produced by the action of oxalic add or oxalate 
of potasdum : it is a white predpitate. 

Its compodtion is (Hg,),C30^+aq. 

It is scarcely soluble either in hot or cold water; it is in- 
soluble in oxalic, and in dilute nitric or sulphuric add, but dis- 
solves slightly in the two latter adds when they are concentrated 
and warm. 

The Eebboctakide is produced by the action of ferrocyanide 
of potasdum : it is a dense white predpitate. 

Its formula is not known. 

The Febbictajtide is produced by the action of ferricyanide of 
potasdum : it is a reddish-brown precipitate. 

Its compodtion is not known. 

The Phosphate is produced by the action of phosphate of 
sodium : it is a white predpitate. 

Its formula is not well ascertained ; but it seems to be a mix- 
ture of the mercurous and mercuric salts. 

It is somewhat soluble in chloride of ammonium solution : it 
is insoluble in water and in phosphoric and tartaric adds. 

The other spedal tests of the present and three preceding 
groups do not give characteristio reactions with mercurous salts 
in solution. 

The tests usually employed for the detection of mereuroos 
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salts aie these, — ^the precipitation of the chloridoi the chromate, 
the oxide, and the sulphide, and the reactions mentioned in the 
preliminary remarks — although these are applicable to the detec- 
tion of mercnry in any form. 

XEBCUBIC SALTS. 

Sedation for the reactions: — mercuric chloride (Hgd) in 
water. 

The principal insdable salts by which mercury in this form 
Ib reeognixed are these, — ^the iodide, the chromate, the hydrate, 
the sulphide, the carbonate, the oxalate, the ferrocyanide, the 
fenicyanide, and the phosphate. 

The Chlobidb is soluble. 

The Iodide is produced by the action of hydriodic add or 
iodide of potassium upon solutions of mercuric salts. It is a 
magnificent scarlet precipitate, known as gerarnvm-^ohwr i a 
modification of this salt exists, which possesses a fine yellow 
tint. 

Its formula is Hgl. 

It is soluble in exoess of iodide of potassium, and in mer- 
curic salts, forming colourless solutions; it is very soluble in 
most ammonium salts, and ia chloride of potassium, also in 
many adds, 1 part requires 150 parts of cold water for so- 
lution. 

Thb Ctahidb is soluble. 

The Chromate is obtained by the action of chromate of po- 
tassium on solutions of mercuric salts : it is a fine yellow pre- 
dpitate. 

Its formula is that of a bade salt S^^OyHgCrO,. 

It is soluble in excess of many mercuric salts, and in most 
adds, even in acetic acid. 

The Hydrate is produced by the action of hydrate of po- 
tasdum* on solutions of mercuric salts : it is a yellow pred- 
pitate. 

* Hydrate of ammoniuin eierto sn action on mercuric salts analogoua to 
thai mentioned in the case of meronions salts : it yields predpitateB, gene- 
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Its fonnula is HgHO, H^O, althoughi by many chemists, this 
precipitate is said to be the oxide (Hg,0), into which oompound 
the hydrate rapidly passes on drying, or by being kept. 

The hydrate dissolves very sparingly in water, confeiring apon 
it a perceptible metallic taste, and an alkaline reaction which 
may be detected by delicate test-papers (prepared with an al- 
coholic tincture of violets) ; it dissolves in those adds which do 
not form insoluble mercuric salts. Like the iodide, the meronric 
oxide exists in two modifications, a yellow and a red, which may 
be distinguished not only by their physical properties, but by 
their behaviour with reagents: oxalic acid, for instance, com- 
bines with the yellow modification in the cold, while with the 
red modification it produces no action. 

The Sulphide is produced by the action of hydiosulphuiic 
acid on acid or neutral solutions of mercuric salts: the addi- 
tion of a small quantity of this reagent produces a double salt, 
which is a white precipitate of the fonnula HgNO,, Hg, 8, or 
HgCl,HgjS, or Hga 80^, 2Hga 8, according to the acid-radical 
present ; by the addition of more of the precipitant, these salts 
become yellow, orange, brown, and finally black, from their 
conversion entirely into the black mercuric sulphide, whieh^ 
indeed, like the iodide and the oxide, exists also in a red mo- 
fication. 

Its formula ]b Hg, 8. 

It is insoluble in sulphide of ammonium, but dissolves com- 
pletely in sulphide of potassium. It is insoluble in hydrochloric 
or nitric acid, even at the boiling temperature, but dissolves 
readily in nitro-hydrochloric acid, with decomposition. 

Thb Sulphate, if formed by the doable decomposition of neu- 
tral aqueous solutions of {e.g,) mercuric nitrate and sulphate of 
sodium, IB immediately decomposed by the water present, espe- 

rally white, consisting of salts of oompoiind unmoniiuns, the add-rBdicalB of 
which are those of the mercoric salts ; thus, with mercuric chloride, — 

2HgCH-2(NH^HO) = N^ CH-NH^CH-2H,0. 

This oompound was formerly much employed in medicine, and was known 
by the name of " white precipitate." 
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dally on boiliiig the miztaiey wiili fonnation of a lemon-yellow 
precipitate, formerly called turhith mineral, the oompoaition of 
which IB that of a hasic sulphate (Hg,S0^2[Hg,0]), which 
dissolvee in 2000 parts of cold, or 600 of boiling water, but ia 
very soluble in acids. 

Thx Cabbokate is produced by the action of carbonate of 
potaasinm, or the carbonates of the alkaline earthSi on sohitions of 
mercuric salts : it is a brownish-red precipitate. 

Its formula is Hg^CO,, SCHg^O). 

It dissolves sparingly in solution of carbonate of potassium, 
and is soluble in chloride of ammonium ; it is also somewhat 
soluble in a solution of carbonic add. 

The Oxalate is produced by the action of oxalic add or oxa- 
late of potassium upon mercuric salts : it is a white predpitate. 

Its formula is Hg^C^O^+aq. 

It is soluble in chloride of ammonium, and in some other am- 
monium salts, insoluble in water, alcohol, or ether; slightly 
solnble in hot dilute nitric and sulphuric adds, but more soluble 
in Uioee adds when concentrated. 

The Feeroctahids is produced by the action of fenrocyanide 
of potassium : it is a white predpitate, which becomes blue on 
standing. 

The compodtion of this predpitate is not accurately known ; 
by some chemists it is stated to be simply cyanide of iron 
(FeCy). 

The Febbict Ainns is produced by the action of f erricyanide of 
potasdnm on certain mercuric salts, as the nitrate. It is a 
yellow predpitate. 

Its compodtion is not known. 

The Phosphate is produced by the action of phosphate of 
sodium on certain mercuric salts, as the nitrate. It is a white 
predpitate. 

The formula of the salt dried at 100^ C. is Hg, P.O^. 

It is soluble in many ammonium salts, insoluble in water and 
alcohol, but dissolves in phosphoric and in hydrochloric add. 

The other special reagents of the present and three preceding 
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groups exert no definite or charactexistic action on solntions of 
mercuric salts. 

The cMef reactions made use of for the recognition of mercuric 
salts are these, — ^the formation of the scarlet iodide, of the chro- 
mate, the oxide, and the sulphide, — ^while the mereuiy they 
contain is readily detected by the same processes as those em- 
ployed in the case of the mercurous salts. 

SALTS OF LEAD. 

The metal lead forms a link between those members of the 
present subdivision which have been already considered, and 
those which are to foUow. It forms several combinations with 
oxygen, as the suboxide (Pb^O), the (common) oxide (Pb,0), and 
the peroxide (Pb^OJ, together with some intermediate oxides. 
The peroxide partakes somewhat of acid characters. The sub- 
oxide of lead, like the suboxides of copper and mercury, decpm- 
poses under the influence of adds, forming salts of a higher 
series. There are no compounds of other acid-radicals with lead 
corresponding to the peroxide (Pb,0,); and the large class of 
lead salts may all be referred to the series of which Pb^O is the 
oxide and Pbd the chloride. The salts of lead are poisonous ; 
many of them have a sweet taste. 

In general, salts of lead, when heated before the blowpipe on 
charcoal, are converted into the oxide, which is of an orange- 
yellow colour when hot, and yellow when cold ; usually, too, a por- 
tion of the salt b reduced to the metallic state, and this takes 
place immediately, and with the greatest ease, if the substance 
be heated in the reducing flame or with carbonate of sodium. 
In all cases an incrustation of the oxide (Pb,0) is formed upon 
the charcoal at a little distance from the salt, since metallic 
lead volatilizes at a red heat, and the oxide at a white heat. 
Lead salts impart no colour to the flame, nor do they give any 
characteristic reaction with nitrate of cobalt. When fused with 
borax in the oxidiziog flame, a dear yeUowish glass is obtained, 
which remaios transparent when cold, unless great excess of 
lead salt has been introduced; in the reducing flame metallic 
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lead separates : this experiment should be perfonned on char- 
ooaly to ayoid the destroction of the pUitinnin idie. 

Salts of lead are decomposed by iron, the lead being deposited 
in an arborescent form ; the same effect is produced more rapidly 
by zinCy cadmium, and tin. 

FLUMB0U8 8AUT8, OB DI- OR 8UB-8AIA8 Or LBAD. 

The only saltB of this serieB which seem to exist are the ozisb (Pb^ O), 
and perhaps the sulphidb (Pb^ S) : the fonner is produoed by heating plumbic 
oxalate out of contact with the air» and the latter by igniting plumbic sulphate 
m a oharooal crucible. Dilute adds resolTe plumbous o]dde into plumbic 
salts and metallio lead. 

PLU1CBIG SA£lBy OB LEAS SALTS. 

Sohition for the reactions: — plnmbic nitrate (PbNO,) in 
water. 

The principal insoluble salts of this series are the chloride, the 
iodide, the chromate, the sulphide, the carbonate, the oxalate, 
the sulphate, the ferrocyanide, and the phosphate. 

The Chloride is produced by the action of hydrochloric add, 
or soluble chlorides, on solutions of lead salts : it is a white pre- 
cipitate, which crystallizes in the form of six-Bided prisms. 

Its formula is PbCl. 

It is very soluble in the hydrate of potassium, and somewhat 
so in solutions of alkaline hyposulphites and of acetate of so- 
dium : it dissolves in 135 parts of water at 12^*5 G. ; but in water 
eontaining certain salts, as chloride of calcium, it is less soluble : 
it is much more soluble in boiling than in cold water. It is 
very sparingly soluble in alcohol ; of hydrochloric acid, cold and 
dilute, 1 part of pkimbic chloride requires 1636 parts for solution, 
while in dilute nitric add it is buivery slightly soluble. Concen- 
trated hydrochloric add dissolves this salt abundantly. 

Several compounds of chloride with oxide of lead are known ; 
they are prepared by precipitating hot solution of chloride of 
lead with the hydrates of ammonium or caldum. They vary 
much in compodtion : the formuto 2FbCl, Pb,0 ; SPbG, 7Pb,0 ; 
and PbCa, Pb,0 have been assigned to three of these compounds. 

I 5 
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When a hot solution of chloride of lead is acted on hy lime- 
water (GaHO) a mixed chloride and hydrate is produced, having 
the formula PbCl, PbHO. 

The Iodide is produced by the action of hydriodic add, or a 
soluble iodide, on solutions of lead salts : it is a golden- coloured 
crystalline precipitate. 

Its formula is Pbl. 

It is soluble in chloride of ammonium solution, especially 
on boiling; and it also dissolyes in concentrated solutions of 
most soluble chlorides or iodides; it is insoluble, however, in 
hydrate of ammonium and other ammonium salts generally. 
1 part dissolves in 1235 parts of cold, or 194 parts of boiling 
water. It is slightly soluble in ether, and dissolves somewhat 
more easily in nitric acid. 

The Ghromate is produced by the action of chromate of potas- 
sium on solutions of lead salts : it is a pale yellow, lemon-yellow, 
or orange predpitate. 

Its formula is PbCrO,. 

This salt is slightly soluble in excess of its precipitant, and 
dissolves readily in hydrate of potajssium ; in chloride of ammo- 
nium solution it is insoluble ; in water also it is insoluble, but 
is decomposed by hydrochloric and sulphuric acids; in dilute 
nitric add it dissolves slowly without decomposition. 

The Ctakide is produced by the action of hydrocyanic add, or 
soluble cyanides, upon many lead salts: it is a white pre- 
dpitate. 

Its formula is PbCy. 

It is soluble in hot solutions of diloride of ammonium and of 
some other ammonium salts; it is insoluble, or nearly so, in 
water, but is decomposed by nitric or sulphuric add, with evolu- 
tion of hydrocyanic acid. 

The Hydrate or (hdde is produced by the action of the 
hydrates of potassium or ammonium on solutions of lead salts : 
it is a white predpitate, which, under the microscope, appears 
crystalline, the forms of the crystals varying with the method of 
preparation. 
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Its composition is 2(PbH0), Pb,0 ; bnt it is generally a basic 
salt containing a portion of the add-radical of the original 
salt. 

This salt is soluble in excess of hydrate of potassium^ espe- 
cially on heating, bat not in excess of hydrate of ammonium ; 
it is slightly soluble in water, but the presence of saline com- 
pounds diminishes its solubility to a great extent ; it dissolves 
easily in those adds which do not form insoluble lead salts. 
The hydrate of lead is converted into the oxide (Pb,0) by ex- 
posure to a gentle heat. 

The Sulpbide is produced by the action of hydrosulphuric 
add on add, neutral, and alkaline solutions of lead salts. It is a 
black predpitate, although, under certain circumstances, and 
espedally by the action of pentasulphide of sodium (Na, Sg), a 
bright red precipitate is obtained, which may, however, be a 
higher sulphide than the ordinary black predpitate. 
The compodtion of the black sulphide is Pb, S. 
It IB insoluble in alkaline sulphides, and in hydrate or 
cyanide of potasdum ; in cold dilute acids it is insoluble ; but in 
strong boiling nitric acid it dissolves, with separation of sulphur, 
and in the fuming concentrated nitric acid it is converted into 
plumbic sulphate (Pb^SOJ. It dissolves in boiling concen- 
trated hydrochloric add. 

The Sulphate is produced by the action of sulphuric add, or 
soluble sulphates, on solutions of lead salts : it is a white, cry- 
stalline, and heavy predpitate. 
Its formula is Pb, 80^. 

It dissolves in hot solutions of the chloride and some other 
salts of ammoniimi ; it is also soluble in a hot solution of hydrate 
of potasdum. 1 part of this salt dissolves in 22,816 parts of 
water at 11^ C, and in 36,504 parts of dilute sulphuric add ; In 
dilute acids it is but slightly soluble, dissolving, however, in 
larger proportion in concentrated adds, especially in sulphuric. 

The Casbonatb is produced by the action of the carbonates 
of potassium or ammonium on lead salts : it is a dense, white, 
crystalline predpitate. 
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Its formula is Fb,GO, when precipitated in the cold ; if the 
liquid be boiled^ the salt is a mixed hydrate and carbonate. 

It is very soluble in hydrate of potassium, and somewhat 
soluble in solutions of ammonium salts ; 1 part requires 50,651 
parts of water at 15^ C. for its solution. It dissolves with de- 
composition in those adds which form soluble lead salts. 

Th£ Oxalate is produced by the action of oxalic acid or alka- 
line oxalates on solutions of lead salts : it is a white crystalline 
precipitate. 

The formula of the salt dried at 140° C. is Pb^CaO^. 

It dissolves in hot solutions of chloride of ammonium and 
of many other ammonium salts, the hydrate and carbonate ex- 
cepted ; it is insoluble in water, very sparingly soluble in oxalic 
add solution, dissolving more freely in nitric acid. 

The Eebeocyakide is produced by the action of ferrocyanide 
of potiEissium on solutions of lead salts: it is a white pied- 
pitate. 

Its compodtion is Fb,Cfy+l^aq. 

It is partly soluble in hot hydrate of ammonium, and per- 
fectly in hot chloride of ammonium ; in water it is insoluble ; 
by sulphuric add it is decomposed and slowly dissolved. 

The Eebbicyaitide is comparatively soluble: it occurs in 
transparent brownish-red crystals. 

The Phosphate is produced by the action of phosphate of 
sodium : it is a white precipitate. 

This precipitate is a mixture of the two phosphates Pb, PO^ 
and Pb, HPO^. 

It dissolves in chloride of ammonium solution, but is repre- 
cipitated by the addition of hydrate of ammonium ; it dissolves 
in hydrate of potassium ; it is insoluble in water, but soluble 
in nitric acid; it is decomposed by hydrochloric or sulphuric 
acid. 

The other special reagents of the present and three preceding 
groups are without characteristio action on solutions of lead 
salts. 

The tests usually employed for the detection and recognition of 
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lead salts are these, — ^the fonnation of the ehloride, iodide, chio- 
mate, sulphide, and carbonate, and the reactions of lead com- 
pounds before the blowpipe. 

SALTS OF BISXITTH. 

The salts of bismuth bear certain resemblances to those of 
lead, although, in many particulars, they differ much from them. 
Bismuth forms several combinations with oxygen :— the sub- 
oxide, the composition of which is not accurately known ; the 
oxide which is usually met with, Bi^O, ; an intermediate oxide ; 
and, lastly, the oxide Bi^O,, which is frequently called anhy- 
drous bismuthic add. The formula of the bismuthic chloride 
(Bid,), and that of the corresponding oxide (Bi^O,) may be 
taken as typical of the salts of bismuth, which may be termed 
proto-salts, and in reality correspond to the general formulse 
which we have found to represent the larger number of the 
series of salts already treated of; for the metal bismuth is here 
** triatomic,'' that is, it corresponds to 3 equivalents of a mona- 
tomic (or monobasic) element, such as hydrogen (or chlorine), and 
to 1 equivalent of a tribasic radical, such as the phosphoric acid- 
radical (POJ. In combining with biatomic or bibasic bodies, 
2 equivalents are equal or correspond to 6 eqxdvalents of hy- 
drogen, and therefore to 3 equivalents of the biatomic molecules, 
^-oxygen or the sulphuric radical (80^). Bismuthic chloride then 
oorresponds to 3 equivalents of hydrochloric acid, and the oxide 
to 3 equivalents of water, — a fact which is perhaps more dearly 
shown by the following formulsB : — 



a Ha 

BiCl HCa 

CI HCl 

leq. ofbl»- Seqa^ofhy- 

arathie drochloric 
dUoride. acid. 



O H,0 

1 eq. of bifl- 8 eq«. of 

mutliic w»t«r. 
oxide. 



H 
BiPO^ HPO4 

H 

1 eq. of U»- 1 eq. of 

mathic phomhoric 
phospbAta. aod. 



We have been thus particular in explaining the constitution of 
the salts of bismuth previoudy to giving the full details concern- 
ing those of them with which we are at present concerned, in 
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order that the student may see at a glance the relations of their 
formnlBB to those of the corresponding salts of other metals. 

When heated hefore the hlowpipe on charcoal and in the 
oxidizing flame, bismuth salts generally fdse to a brown mass, 
which, upon cooling, becomes pale-yellow; this is the oxide 
(Bi^O,) ; in the redndng flame, globoles of metallic bismath are 
speedily produced, more easily in the presence of carbonate of 
sodium : in all cases the surrounding charcoal becomes covered 
with an incrustation of the oxide. This incrustation is more 
conspicuous when carbonate of sodium has been mixed with the 
bismuth salt under examination, on account of the yolatiility of 
metallic bismuth being greater than that of the oxide. Bis- 
muth salts impart no colour to the blowpipe flame, nor do they 
yield any characteristic reaction with nitrate of cobalt. When 
fused with borax, a dear glass is obtained in the oxidizing flame, 
which is yellow whilst hot, and colourless when cold, the colour 
deepening as the amount of bismuth is increased ; in the reducing 
flame (the action of which should be tried on charcoal) the bis* 
muth is reduced to the metallic state, and the bead remains dear 
and colourless. 

Bismuth salts exhibit a peculiarity which has already been 
seen to exist with one salt of lead (the chloride [PbCl]), which 
forms an oxychloride under the influence of hydrate of ammo- 
nium. Bismuth salts in general, by the action of water, yield 
salts of a similar character and constitution, to which the name 
oxy 'talis (oxychloride, oxynitrate, &c.) or basic salts (basic chlo- 
ride, basic nitrate, &c.) has been applied: these compounds are 
yery insoluble in water, but soluble in excess of add. Thus 
water predpitates from neutral bismuth salts the corresponding 
bade or oxy-salts, — ^whilst in the solution an add salt remains, 
or sometimes the original salt in small quantities together with 
a portion of free add. Disregarding those small portions of the 
original salts whidi remain dissolved and precluded from decom- 
podtion by the add produced in the reactions, the following 
equations represent the action of water upon the chloride and the 
sulphate of bismuth respectively : — 
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3BiCl,+3H,0*=BiCl,, Bi,0,+6HC1 ; 

oijdilonde of JOSam. 

2(Bi,[SOJ,)+3H.O=Bi,(SOJ,. Bi,0,+3H,80. ; 

a^Bulphate of Biam. 

and even the nitrate (nitrates are generallj the most soluble of 
all salts) is decomposed in a similar manner, but a tnixed hydrate 
and nUrate is in this case formed — 

3(Bi[N0,],)+6H30=Bi(N0,)„2(BiH,0.)+6HN0,. 

mixed hydrate and 
nitrate of Bion. 

These precipitates, insoluble in water, are readily dissolved by 
acids. 

The metal bismuth is precipitated from its salts quickly and 
completely by iron, zinc, cadmium, and tin, and appears as a dark 
grey powder : this reduction is also effected by lead and copper ; 
but the action is slow unless accelerated by heat. 

BKXVTH SALTS, OB BIBinTTHIC SALTS. 

Solution for the reactions : — chloride of bismuth (Bid,) in dilute 
hydrochloric add. 

In addition to the insoluble ozysalts of bismuth, the under- 
mentioned are the chief compounds of this metal not dissolved by 
water, — ^the chromate, the hydrate, the sulphide, the carbonate, 
the oxalate, the ferrocyanide, and the ferricyanide. 

Thz CIhloride is soluble in slight excess of hydrochloric add. 

Thx Iodide is produced by the action of iodide of potassium on 
bismuthic salts : it is a brown crystalline predpitate. 

Its formula is Bil,. 

It is soluble in hydriodic add. 

The Chromate is produced by the action of chromate of potas- 
sium upon solutions of bismuthic salts : it is lemon-yellow. 

Its formula is Bi(CrOa),, 

It is insoluble in hydrate of potasdum or ammoniimi, very 
slightly soluble in water, but soluble in dilute nitric add. 

The Hydrate is produced by the action of the hydrates of 
potasdum or ammonium, and also by the carbonates of barium, 
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calcium, &c., in the cold, on solations of bismuthic salts : it is a 
white floccnlent precipitate. 

Its fonnula is that of the mixed hydrate and oxide (BiH^O,, 
Bi,0,). 

It is insoluble in excess of its precipitants, but readily dis- 
solves in adds. 

The Sulphide is produced by the action of hydrosulphuric add 
on not too add, or on neutral solutions of bismuthic salts : it is 
a brown-black precipitate. 

Its formula is Bi, S,. 

It is insoluble in the hydrates, sulphides, or cyanides of po- 
tassium or ammonium, also in dilute adds ; but it is dissolved with 
decompodtion by concentrated nitric add. 

The Suijphats is soluble. 

The Gahbokate is produced by the action of the carbonates of 
potasdum or ammonium : it is a white flocculent predpitate. 

Its formula is that of a bade salt, — Bi,(C03)3, 2Bi,0,. 

It is somewhat soluble in excess of its predpitants, insoluble 
in water and in solution of carbonic anhydride (CO,), although 
very soluble (with decompodtion) in strong acids. 

The Oxalate is produced by the action of oxalic add upon 
solutions of bismuthic salts, and is depodted on standing: it 
separates as a granular crystalline predpitate. 

Its formula is Bi,(C,04)3+3aq. 

The Febbooyakids is produced by the action of ferrocyanide 
of potasdum on solutions of bismuthic salts : it is a white pre- 
dpitate. 

Its formula is not known. 

It dissolves in nitric and hydrodiloric adds, but is repredpi- 
tated on the addition of water. 

The Febbictanide is produced by the action of ferricyanide of 
potasdum : it is a light brown precipitate. 

Its formula has not been ascertained. 

The Phosphate is produced by the action of phosphate of 
sodium on solutions of bismuthic salts : it is a white predpitate. 

Its formula would appear to be BiPO^. 
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The other special reagents of the present and three preoeding 
suhdivifiions give no characteristic reactions with solutions of 
bismnthic salts. 

The chief means employed for the detection of bismuth in its 
salts is the precipitation of the oxychloride, which is formed 
whenever a solution of bismuthic chloride is mixed with a large 
quantity of water. This (and so are the precipitates produced 
in a similar way with other salts of bismuth) is a salt which may 
be distinguished from the precipitates formed under the same 
circumstances in solutions of antimony, by being insoluble in 
tartaric add. The other chief insoluble salts by which bismuth 
is recognized are the chromate, the hydrate, and the sulphide ; 
the blowpipe reactions on charcoal are also characteristic. The 
insoluble bismuth salts, as the chromate, hydrate, or carbonate, 
may be easily distinguished from the analogous salts of lead or 
sHver by their being insoluble either in hydrate of potassium or 
hydrate of ammonium. 

8Ai;t8 or palladium. 

The metal palladium being of far rarer oocurrenoe than the prerioualy 
described members of the present group, ite salts have not been so completely 
fltodied. The characteristics which these salts present differ from those of 
ihe salts already giTen, and more closely resemble those exhibited by tin and 
platinum compounds. Palladium forms two series of combinations with acid- 
radicals, the palladious and the palladic : of the former, palladious chloride 
(PdCl) and palladious oxide (Pd, O) may be considered typical, while, of the 
latter, palladic chloride (PdCH,) and palladic oxide (Pd^O,) are representa- 
tiTCS. Palladic salts have a great tendency to form compounds the add- 
radical of which contains palladium united with chlorine, iodine, &c, ; they 
yield tliese definite saline combinations with the bhloridee and iodides of the 
metals of the first subdiriaion, as in the following instance : — 

PdCl, +KCl=KPdCa3. 

When heated before the blowpipe, palladium salts are reduced with the 
greatest ease either in the oxidizing or reducing fiame, the heat alone being 
Boffloient to decompose them with formation of metal ; owing to the di£Scult 
fdaibility, howerer, of this element, no globules are seen, but only a black 
powder: they impart no colour to the blowpipe flame, nor do they give any 
reaction with nitrate of cobalt; when fused with borax, they are readily 
reduced in either flame. 

PaUadium salts are reduced by the same metals as effect the reduction of 
alrer salts, and also by ferrous sulphate. 
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PALLABIOVB SALTS, OB PBOTO-8ALT8 OF PALLADIUM. 

Solution for the reactions : — ^palladious chloride (PdCl) in water. 

The principal insoluble salts of this series are the iodide, the cyanide, the 
chromate, the hydrate, the sulphide, the oxalate, the ferrocjanide, the feni- 
<7anide, and the phosphate. 

Thb Chlobidb is soluble. 

Th6 Iodide is produced by the action of hydriodic add or of iodide of 
potassium on solutions of palladious salts : in very dilute solutions a brownish 
red colour at first appears ; but after some time a black precipitate separates, 
which is the iodide. 

Its formula is Pdl. 

It is insoluble in water, alcohol, or ether; neither is it disMdyed bj hy-* 
driodic acid. 

Thk Ctanidb is produced by the action of cyanide of potassium, or mercuric 
cyanide, on solutions of palladious salts : it is a yeUowish-white precipitate. 

Its composition is said by some to be PdCy ; when precipitated by mercuric 
cyanide the formula 2(PdCy, HgCy)+aq has been assigned to it. 

It is extremely soluble in cyanide of potassium and in hydrate of ammo- 
nium. It is soluble in hydrochloric acid unless very dilute. 

The Chromate is produced by the action of chromate of potassium, but is 
not accurately known. 

The Hydrate is produced by the action of the hydrates of the alkaline 
metals on solutions of palladious salts ; it is also produced by the carbonates 
of potassium and sodium. 

Its composition is that of a basic salt. 

It is soluble in the hydrates of potassium or ammonium ; it also disaolyes 
in strong acids with the aid of heat 

The action of hydrate of ammonium on palladious salts varies : with some, 
as the nitrate, it produces no precipitate ; with others, especially the chloride^ 
it gives a flesh-coloured precipitate, which is but slightiy soluble in water, and 
less so in alcohol, but soluble in excess of its predpitants. This predpitate 

is NH, PdCl, or Np 9 CI, as it may be written, — i, e. the chloride of paUad" 

ammonium. 

The Sulphide is produced by the action of hydrosulphuric add on alka- 
line, neutral, or add solutions of palladious salts: it is a brownish-black 
predpitate. 

Its formula is Vd^ S. 

It is insoluble in sulphide of ammonium, but soluble in hydrochloric add. 

Thb Sulphate is soluble. 

The Carbonate does not exist ; for the soluble carbonates predpitate pal- 
ladious hydrate. 

The Oxalate is produced by the action of oxalate of potassium on solu- 
tions of palladious salts. 
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Its oompontion ib not aocnnitely known. When, howevoTi oxalic add is 
added to an ammoniacal solution of a paUadious salt, a double oxalate is 
produoed, faaTing the formula PdNH^CjO^+aq when orystallixed in short 
iliombic prisms, and the formula Pd]!^4Ca04+4aqwhen occuiring in long 



Thb FKBBOCTAHina is produoed hj the action of fenocyanide of potassium 
on palladious salts, and is precipitated on standing : it is a yellowish brown 
precipitate. 

Thb FBBUCTAiriDB is produced by the action of ferrioyanide of potassium : 
it is a red-brown precipitate. 

Ths Fhobphatb is produced by Uie action of phosphate of sodium : it is a 
bvown precipitate. 

This precipitate is said to be a basic phosphate. 

The other special reagents of the present and three preceding groups exert 
no characteristic action upon palladious salts. 

The formation of paUadious iodide, hydrate, and sulphide, and the reduc- 
tion of the metal before the blowpipe, are made use of in snalysis to detect 
palladious salts: the blowpipe reaction is, of course, applicable also to the 
recognition of the palladium in palladio salts. 

FALLADIO SALTS, OB PBB-BALT8 OV PALLADIUM. 

Only a few representatiTes of this series exist ; they are almost confined to 
liie chloride (Pdd,) and the oxide (Pd,02) ; the former gradually gives off 
dilorine, espedally on heating, and even when its aqueous solution is boiled, 
and is reduced to paUadious chloride (PdCl). When combined with chloride 
of potassium, palladic chloride gives a salt which is very stable ; but the pal- 
ladium in it probably exists in the form of a compound acid-radical (PdCl,) : 
this sail orystalliaes in brownish-red octabedra. The oxide (PdgO) may 
be obtained by acting on palladic chloride with the hydrate of potassium. 
The sulphide (Pd, B,) cannot be obtained by passing hydrosulphuric add 
into a solution of palladic chloride ; for, if formed at all, it is immediately 
decomposed into palladious sulphide (Pd^S) and sulphur. 

On account of the large number of important metals included 
in this Subdivision, we have not deferred giving the Table of 
Reactions until the end of the group, but have placed a synopsis 
of the reactions of the 1st Section on the following page ; and 
for the same reason, an Analytical Table will also be found 
appended. 
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TABLB OF 



Bbactions. 



Chloride 

Iodide 

Cyanide 

Chromate ... 

Hydrate 

Oxide 

Ozychloride 

Sulphide 

Sulphate 

Carbonate ... 

Oxalate 

Ferrooyanide 
Ferricyaiude 
Fhoephate ... 



Cd. 

(see page 154) 



yellow 
white 



bright yellow 

white 
white 
white 
pale yellow 
white 






Cm Ag, 

(aee page 160) (see page 165) 



' brownish 1 
yellow J 

' yellowish 1 
brown J 

blue 
black 



blaok 



bine 

pale blue 

! brownish 
crimson 
greemsh 
yellow 

greenish blue 



white 

pale yellow 

white 

crimson 

buff 

brown 

black 
white 
white 
white 

white 

f orange 1 
\ yellow J 

yellow 



Blowpipe 
Bbactions. 



With car- 
bonate of 
sodium on 
charcoal, a 
reddish brown 
deposit, the 
metal being 
reduced and 
volatilized. 



Vl^th car- 
bonate of 
sodium on 
charcoal, 
malleable 
globules; 
with borax in 
the oxidizing 
flame, a green, 
and in the 
reducing 
flameared 
bead. 



With car- 
bonate of 

sodium on 
charcoal, 

malleable 
globule. 



TABLE OF BBACHOirS* 
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Hga. 


Hg. 


Fb. 


BL 


Fd. 


(flee page 170) 


(■ee pi«e 178) 


(see page 177) 


(«ee page 183) (see {Mge 186) 


wliite 




white 






doll-green 


/ r^' 1 

onaDionff 


bright yellow 


*»» 


black 


— 


[to scarlet J 


white 





/ yellowiah 1 

1 white ; 


orange-led. 


dnll-red 


yellow 


yellow 


— 




yellow 


white 


white 


r yellowish 1 
1 brown f 


' farowmahl 
black ; 


yellow 


— 


— 


V J 


— 


white 


white 


^ddte 


— 


black 


black 


black 


f browniBhl 
I black / 


/ brownish 1 
1 bLwk ; 


/ yellowiah 1 

1 white ; 


white 


white 


white 


— 


V m 


browmahred 


white 


white 


— 





white 


^^te 


white 


pale yellow 




white 


white 


r yellowish 1 
\ brown j 


— 


freddiahl 
\ blown J 


yellow 


— 


li^t brown 


reddish brown 


white 


white 


white 


white brown 


MhaHwiih 


Same as the 


Witii car- 


With car- 


With car- 


carbonate of 


mercurous 


bonate of 


bonate of 


bonate of 


Bodiumand 


salte. 


sodium on 


sodium on 


sodium on 


heated ina 




charcoal, 


chamoal, a 


charcoal, re- 


glass tube, 




malleable 


brittle globule 


duced to the 


the metal 




globule 


and yellow 


metallic state. 


aablinies. 




and yellow 
incrustation. 

• 


inomstation. 





190 



CHSinCAL BEACnOKS. 



' We alBO give an Analytical Table for the Ist Seotion of this 
subdivisiony on account of the great number and importance of 
the metals it contains. 



Analysis of Subdivision lY • 

3scTiON I. — Salts of metals which form Sulphides insoluble in Sulphide of 

Ammonium. 

The salt may be one of CADMIUM, COPPER, 8ILYER, 
MERCURY (mercurous or mercuric), LEAD, BISMUTH, or 

PALLADIITH. 



Ignite the substance ; if it does not Tolatiliae, we infer the 


absence of 


presence of 


Mercury, 


Cadmium, Copper, Silyer, Tjead, Bismuth, or Palladium. 


which may 


DiBSolve the ignited residue in a little nitric add, dilute 


be further 


with water, and add dilute sulphuric acid ; if no white pre- 


confirmed 


cipitate is produced, we infer the 


byheatinff 
t£edry sfut 




absence of 


presence of 


mii»d 


Lead. 


Cadmium, Copper, Silver, Bismuth, or 
Palladium. 


with dry 




in a small 




To the same solution add dilute hydrochloric 




add ; if no preapitate is produced, we infer the 


tube and 
observing 








absence of 


presence of 


the absence 




Silver. 


Cadmium, Copper, Bismuth, or 
Palladium. 


of gbbules. 












Add hydrate of ammonium in ex- 








cess ; if no white precipitate is pro- 








duced, we infer the 


absence of 


presence of 








Bismuth. 


Cadmium, Copper, or 

Palladium. 

If the solution is blue, 

we infer the presence of 

Copper; 

if colourless, of 

Cadmium or Palladium. 

Add hydrosulphuric add ; 

if a yellow predpitate is 

produced, we imer the 

presence of 

Cadmium; 

if a brownish-blaok, of 

Palladium. 
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Sscnoir II. — Sadts of metah which form sulphides soluble in 
Sulphide of ammonium ([NH^], 8). 

SALTS OF TIN, ANTIMONY, AESBNIO, PLATINXJM, maomvu, 

RUTBSVnnf, OSmUM, GOLD, TUHOSTIV, HOLTBDBinJlf, AITB TAHABIUM. 

SALTS OF TIN. 

The chemical characteristics of the compounds of this metal 
resemble to a certain extent those of the preceding : it forms two 
series of combinations with chlorine and acid-radicals in general, 
— ^the stannous chloride and oxide (SnCl and Sn^O) being repre- 
sentatives of the first, and the stannic chloride and oxide (SnCl, 
and Sn,0,) typifying the second series. Stannic salts, however, 
are far more numerous and important than palladic salts ; and so 
&r from having, like them, a tendency to decompose into the add- 
radical and the corresponding salt of the first series, they are 
actually produced easily from stannous salts, — ^half of the metal 
present being separated in the metaUic state, while the portion 
of add-radical previously united with this half combines with the 
residual elements : thus stannous oxide, under peculiar circum* 
stances, passes into stannic oxide, thus — 

2(Sn,0)=2Sn+Sn,0,. 
Besides these two series there is a third, which is, however, un- 
important, few members of it existing : it is intermediate between 
the stannous and stannic series, and has been called the stannoso- 
stannic series, while its members have been termed sesqui- 
salts. 

When salts of tin are heated in the oxidizing flame of the 
blowpipe, they are converted into an intermediate oxide (Sn^O,), 
at least for the most part; several tin salts, however, as stannous 
chloride (SnCl), partially volatilize, while in the reducing flame 
tin salts yield their metal ; but to efiect this requires some skill 
in the operator, and may be taken as a test of proficiency in the 
use of the reducing flame : fluxes, such as carbonate of sodium or 
cyanide of potassium, should not be employed, since the operation 
is deprived of all difficulty by their aid. Tin salts impart no 
colour to the flame ; but with nitrate of cobalt the residual oxide 
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(Sn^O,) cusumes a hluish-green colour. When faaed with borax 
in the oxidizing flame, they yield a colourless transparent glass, 
which, if surcharged with the tin salt, becomes opaque and cry- 
stalline : in the reducing flame, part of the tin present is reduced 
to the metaUic state ; this expeiiment should be performed on 
charcoal. 

Although the salts of tin are placed together in the second sec- 
tion of the present subdivision, that is, among those metals the 
sulphides of which are capable of forming sulphur salts with the 
alkaline sulphides, yet, properly speaking, the stannous salts 
should belong to Section I., and the stannic salts to Section II., 
for the stannous sulphide (Sn, S) does not dissolve as such in 
sulphide of ammonium, but only after its conversion into stannic 
sulphide by combination with the sulphur which sulphide of 
ammonium usually holds in solution ; thus 

Sn, S+(NH,), S+S=(NH,), Sn, S,. 

Stannous salts are reduced by iron under certain circumstances, 
readily by zinc and cadmium, slightly by lead. The same actions 
are observed with such stannic salts as are soluble. 

STAKVOUS SALTS, OB PROTO-SALTS OF TIN. 

Solution for the reactions: — ^proto-chloride of tin (Snd) in 
water. 

The principal insoluble salts of this series are the iodide, the 
cyanide, the chromate, the oxychloiide, the hydrate, the sulphide, 
the oxalate, the ferrocyanide, the ferricyanide, and the phosphate. 

The Chlobide is soluble. 

The Iodide is obtained by the action of iodide of potassium in 
excess on solutions of stannous salts, especially after some time. 
It is a yellowish white precipitate ; but finom warm solutions it 
separates in flne reddish yellow crystals. 

Its formula is SnI. 

It dissolves sparingly in cold water, but more readily in hot ; 
it is also soluble in a solution of stannous chloride. 

The CTAianE is produced by the action of cyanide of potassium 
on solutions of stannous salts : it is a white precipitate, which is 
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said to be stannous hydrate, not stannous cyanide. A portion of 
tin salt remains in the solution of cyanide of potassium. 

Thb Chboxatx is produced by the action of chromate of potas- 
sium in excess on solutions of stannous salts : if the stannous 
salt be in excess, a greenish white precipitate is obtained, which 
is thought to be chromic stannate (stannate of chromium), some 
of the oxygen contained in the chromic add-radical being trans- 
Ibned from the chromium to the tin, to form stannic acid. 

This precipitate dissolves in hydrochloric add, forming a green 
solution. 

The Oxychlobibb is produced by predpitating stannous chlo- 
ride with an insuffldent amount of hydrate of potassium. It is 
a white predpitate. 

Its compodtion is 2SnCl) Bn,0, 3aq. 

It dissolves readily in most adds. 

Tha Hydrate is produced by the action of the hydrate or car- 
bonate of potassium or ammonium : it is a white predpitate. 

Its formula is 8nH0. 

It is readily soluble in excess of hydrate of potassium, but 
not in excess of its other predpitants; it dissolves readily in 
adds. If the potasdc solution of this salt be boiled, one of those 
carious metamorphoses occurs similar to those which have been 
noticed before, and which results in part of the tin present pass- 
ing into a higher state of oxidation, at the expense of another 
part, which is reduced to the metallic state ; thus — 
4SnH0+2KH0=E; Sn,03+2Sn+3H,0. 

The EhdpMde is produced by the action of hydrosulphuric 
add on neutral or add solutions of stannous salts ; alkaline solu- 
tions are very partially predpitable. It is a brownish black 
predpitate. 

Its compodtion is Sn, S, or possibly, when recentiy predpi- 
tated, SnHS. 

It dissolves in hydrate of potasdum or sodium, but is repre- 
dpitated from these solutions unchanged by hydrochloric add ; 
it 18 almost insoluble in protosulphide of ammonium ([NH^], S) 
and in sulphydrate of ammonium (NH^ HS). When, however, 

K 
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tlie sulphide of ammonium has become converted into one of the 
higher sulphides, as [NH J,^ S^, stannous sulphide dissolves in this 
reagent, producing sulpho-stannic acid, the ammonium salt of 
which is soluble, thus — 

2SnHS+(NH,), S,=(NH,X Sn, S,4-H, S. 

Bulpho-stannate 
of ammonium. 

If hydrochloric acid be added to this solution, stannu; sulphide 
(Sn.^ S.J is precipitated, — 

(NH,), Sn, S3+2HC1=:2NH,CH-Sn, S.+K, S. 

yellow ppt 

Stannous sulphide dissolves in boiling hydrochloric acid, being 
converted into stannous chloride ; boiling nitric add decomposes 
it with formation of stannic oxide (Sn,0,). 

The Sulphate is soluble. 

The Cabbokate does not exist. 

The Oxalate is produced by the action of oxalic add on 
solutions of stannous salts; the alkaline oxalates produce 
double salts, which are soluble. It is a white crystalline pre- 
cipitate. 

Its formula is Sn^CjO^. 

It dissolves in hot solutions of chloride of ammonium and of 
other ammonium salts, and crystallizes out again on cooling; it 
is but sHghtly soluble in cold or hot water, or in oxalic acid, or 
in dilute cold mineral acids, but in hot hydrochloric or nitric exnd 
it dissolves. 

The FEBBocTAiriDE is produced by the action of ferrocyanide of 
potassium on solutions of stannous salts. It is a white precipi- 
tate, becoming yellow by exposure to the air. 

Its formula is Sn^Cfy. 

It is insoluble in the chloride and many other salts of ammo- 
nium, in water and in acids, but it dissolves in hydrate of am- 
monium. 

The Eerbictakide is produced by the action of ferricyanide of 
potassium. It is a white gelatinous predpitate. 

Its composition ia Sn^Cfdy. 
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It dissolyes in hydrate of ammomum, but not in other ammo- 
nium jsalts. 

The Phosphate is produced by the action of phosphate of 
sodium : it is a white precipitate. 

It is insoluble in chloride of ammonium and in water, but dis- 
solves in hydrochloric acid. 

The other special reagents of the present and three preceding 
subdivisions are not known to yield any characteristic reactions 
with stannous salts. 

The production of stannous hydrate and sulphide, and the re- 
action of the former salt when dissolved in hydrate of potassium 
and heated, are among the chief methods employed for the recog- 
nition of stannous salts. 

STAVlfOAO-STAHllIO SALTS, OB SM^UI-SALTS OV TIN. 

These salts are thought by most chemists to be formed by the union of 
stannous and stannic salts. 

The Oxide, or more properly, the Hydrate, is obtained by acting on 
stannous chloride with ferric hydrate, — ferrous chloride and stannoso-stannic 
hydrate being the products of the change, which may be more simply repre- 
sented by assuming ferric oxide to be the ferric salt concerned — 

(Fea),O,+4Sn01=(Sa,),O,4-4FeCl. 
It is a yellowish- white precipitate, which diasolves in hydrochloric acid with- 
out decomposition, if protected from the air. 

The Sulphide, or more properiy, the Sulphtdrate, is said to be ob- 
tained by passing hydroeulphuric acid through a solution of the hydrate in 
hydroehloric add : it is a liyer-coloured precipitate, haying probably the 
formula (8112)383. 

STAmriC SALTS, OB BI- OB PEB-SALTS OF TIN. 

Solution for the reactions : — stannic chloride (BnCL^) in 
water. 

This is the most stable series of the salts of tin, both of the 
preceding series possessing a great tendency to assume more 
acid-radical and pass into stannic salts. The decomposition of 
stannic salts under the influence of reagents is very peculiar, 
and wholly dependent upon the chemical nature of the substance 
presented to them : if the reagent be one possessing powerful 

x2 
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basic properties, the stannic componnd in combining with it 
assumes the functions o^ an acid-radical, thus — 

2SnHaO,+2KHO=K, Sn,0,+3HaO. 

0tannate<Mf 
potaBsium. 

If, again, the same salt, stannic hydrate, be acted upon by a 
reagent possessed of powerftil acid properties, the metal unites 
with the acid-radical of the acid to form a salt in which the tin 
plays the part of a base, thus — 

2SnH,0,+2H,SO,=8n,(SOJ,+4H,0. 

Btannio 
sulphate. 

These or similar peculiarities have been described in the case 
of aluminium, chromium, and palladium. 

One important feature with respect to these salts is this : — 
there exist two modifications of them, which have been termed 
the stannic, and the metastannic salts; the hydrate, however, 
and those other salts in which a compound of tin and oxygen is 
presumed to play the part of the acid-radical, are the only in- 
stances in which this *^ dimorphism" is strongly marked. 

The principal insoluble salts of this series are the cyanide, the 
chromate, the hydrate, the sulphide, the ferrocyanide, and the 
phosphate. 

The Ohlobidb is soluble. 

The Iodide is not produced by iodide of potassium ; but it 
separates in the form of orange or red crystals decomposable by 
water, when a solution of stannous chloride is boiled with iodine. 

The Cyaiode is not produced by cyanide of potassium, the 
white precipitate obtained being beUeved to be only stannic 
hydrate. 

The Chboicatb is produced by the action of chromate of po- 
tassium on solutions of stannic salts : it is a yellow precipitate. 

The Hydrate occurs in two distinct varieties, according to the 
method of its production ; in either form it is the hydrogen salt 
of a compound add-radical, and yields salts with the hydrates 
of the first subdivision, which contain the alkaline metals. 
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The two modificatioiis are called respectively staimic and meta- 
stannic adds. 

1. SiAHiric Acin is produced by the action of the hydrates or 
carbonates of potassium or ammonium, but it is precipitated in 
the purest form by the action of the carbonates of the second 
subdiviaion on solutions of stannic salts ; it is also produced by 
decomposing stannic chloride with water. It is a white gelatinous 
precipitate. 

Its formula is H, Sn^O,, while its known salts may be repre^ 
salted by the formula M^Sn^O,. Stannic hydrate when dried 
below 66° is, however, H, Sn^O,, HjO, or more simply, SuH^Oj. 

It dissolves readily in excess of hydrate of potassium or ammo- 
nium, or of carbonate of potassium ; it remains dissolved, how- 
ever, for a short time only, separating perfectly on standing. 
In many adds it dissolves readily, forming, by double decom- 
position, solutLons of the ordinary stannic salts. 

2. Metasiakitio Acm is produced by the action of concen- 
trated nitric add on metallic tin. The changes which accompany 
this formation of metastannio add are very peculiar, nitrate of 
ammonium being one of the products ; if the formula assigned to 
this add be correct, the transformation may be thus repre- 
sented, — 

10Sn+6HNO,+6H,O=sH,, 8nj,0„+2NH, NO.+N.O,. 
This substance is a white crystalline predpitate. 

Its formula is H^oSUj^O,,, while the salts which are known 
ore represented thus, — M^ Hg Sn^^jOj,. 

It is soluble in hydrate of potasdum, but insoluble in hydrate 
of ammonium. ^It does not dissolve in water, nor in dilute hydro- 
diloric and nitric adds, but it is soluble in strong sulphuric 
add. If this predpitate be boiled for some time with hydro- 
chloric add and then diluted with water, a dear solution is ob- 
tained containing metastannic chloride ; upon boiling this diluted 
solution, metastannic add is repredpitated. 

The Sulphide is produced by the action of hydrosulphuric 
add on neutral or add solutions of stannic salts : the predpitate 
is at first white, but with an excess of the predpitant, duU yellow. 
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Its foimula is Sn.^ S,. 

This salt is very soluble in the sulphides of potassium or am- 
moniumy forming with these reagents a salt termed a solpho- 
Ktannate, thus — 

K^ S + Sn^ 82= K, Sn, 83. 

sttlpho-staimato 
of potaamum. 

The sulpho-stannates correspond perfectly to the ordinary stan- 
nates, the oxygen of those salts being replaced by an equivalent 
proportion of sulphur. Stannic sulphide dissolves in hydrate of 
potassium^ but loss readily in hydrate of ammonium ; mth the 
former reagent the action is as follows^ — 

6KB0-h3Sn3 S,=:K, Sn,0,+2K, Sn, S3+3H3O. 

Bbumateof sulpho-fitannste 
potaBsiiim. of potaamum. 

In boiling hydrochloric acid, when strong, gtannic sulphide dis- 
solves, while it is decomposed by hot nitric acid with formation 
of metastannic acid. The sulphur-acid of tin corresponding td 
mctastannic acid does not appear to exist. 

The Sulphate is not 1010^11. 

The Cabbokate is not known. 

The Oxalate is soluble. 

The Ferroctanide is produced by the action of ferrocyanide 
of potassium on solutions of certain stannic salts (as stannic 
chloride). It is a brownish yellow precipitate. 

Its formula is Sn^Cfy,. 

It is insoluble in hydrochloric add, and also in the hydrate 
and other salts of ammonium. 

The Febrictanide ib soluble. 

The Phosphate is produced by the action of phosphate of 
sodium on solutions of stannic salts : it is a white precipitate, 
whose formula has not been ascertained. 

The other special reagents of the present and three preceding 
groups exert no characteristic actions upon solutions of stannic 
salts. 

The metamorphoses of the oxide and hydrate, and the precipi- 
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tation, &c. of the sulphide^ are among the most striking tests for 
stannic salts, some of which may also be recognized when in 
solution by the beaatiftil feathery ciystalline deposit of metallic 
tin with which a piece of zinc immersed in the mixture becomes 
covered. 

SALTS OF AITTHCOKT. 

The compounds which this body forms with salt-radicals bear 
considerable resemblance to those which the preceding metal 
yields, while, in general characters, antimony, like arsenic, is 
more closely allied, in many respects, to the acid elements, 
such as phosphorus or nitrogen, than to the basic elements, 
among which it is usually placed. 

Antimony produces by combination with acid-radicals two series 
of componnds,— of the first of which, the oxide Sb^O,, and the 
chloride SbCl,, may be taken as representatives ; and of the second 
of which, the oxide Sb,0,, and the chloride SbCI,, may be con- 
sidered types : and between these two series, the same relation 
may be observed which has been seen to exist between the salts 
of tin, — ^the first or lower series having a tendency to pass into 
the second or higher stage of combination. 

Most salts of antimony, when heated on charcoal in the oxi- 
dizing flame of the blowpipe, are converted into the oxide, which 
volatilizes and condenses upon the cooler and more distant part 
of the charcoal ; some salts, however, such as the chloride, are 
volatilized unchanged. In the reducing flame, especially with 
reducing agents, such as carbonate of sodium or cyanide of 
potassium, globules of the metal are obtained, which are very 
brittie ; they volatilize, oxidize, and condense upon the charcoal 
as oxide. The reduced metal, when volatilizing, imparts a 
greenish blue colour to the flame. Antimony salts, when mois- 
tened, after having been heated, with nitrate of cobalt, produce 
no characteristic colour. When heated with borax in the oxi- 
dizing flame, a clear glass is obtained, which is yellow while hot, 
and colourless when cold, and which, when subjected to the 
action of the reducing flame, becomes grey and cloudy, owing to 
the presence of reduced metal; this cloudiness, however, soon 
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disappears, from the volatilization of the metal. This experi- 
ment should be performed on charcoal. 

A remarkable feature which is to be observed with regard to 
antimony, is the property which it possesses of forming a oom- 
pound with hydrogen : whenever a salt of antimony comes into 
contact with nascent hydrogen, this substance is invariably pro- 
duced, according to the following equation, — 

8bCl,+6H=8bH:,+3Ha ; 
the change consists, however, of two stages, the first being the 
production of metallic antimony — 

SbCl3+3H«Sb+3Ha, 
and the second being the combination of this antimony with 
hydrogen by the action of 3 more equivalents — 

Sb+3HaSbH,. 

That this is really the case, is proved by the large amount of 
metallic antimony which is actually deposited; for the latter 
change does not take place so rapidly as the former. The best 
method of performing this experiment is to generate hydrogen 
in the ordinary apparatus (fig. 1, p. 15), taking care to employ 
specimens of zinc and of sulphuric add perfectly free fix>m arsenic 
(a veiy frequent impurity of these reagents), and then to intro- 
duce into the generating flask the solution to be examined for 
antimony : if this metal be present, antimoniuretted hydrogen is 
produced, which, after having been dried by passing through 
oil of vitriol in a second flask, may be kindled at a small jet 
made of a glass tube, and inserted in the cork of the washing- 
flask, care having been taken to allow sufficient time to elapse 
previously to the ignition of the gas, that all air may have been 
expelled from the apparatus, and therefore all risk of explosion 
avoided. The student should observe the following properties 
of the gas, remembering that none of them are presented by 
pure hydrogen : — 

a. The gas kindled at the orifice will be seen to bum with 
a pale bluish-green flame, and to give rise, especially if the 
observation be made in a dark place, to a white smoke, which 
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consists of antunonioas oxide (Sb^O,) ; both constitaents, indeed, 
of the gas combine with oxygen dniing the combustion, thus — 

2SbH,4-60=Sb,03+3H,0. 

white 
Yspoor. 

j3. If a cold porcelain surface be depressed into the flame 
burning at the jet, but not so as to extinguish it, a black spot 
of metallic lustre will be produced at the point of contact, which 
spot will be found yolatilizable by further heating. This is 
metallic antimony, which has not been oxidized by the atmo- 
spheric oxygen present, on account of the reduction in the tem- 
perature effected by the cold porcelain. 

y. If the jet with a fine orifice be now removed, and a tube 
of hard ^^ass of the form represented in fig. 11 be substituted 
for it> and, while the gas is passing, the middle of the wide part 
of the tube be heated by a spirit-lamp, the flame of which is 
urged by a blowpipe, there will speedily appear at the com- 
mencement of the narrow part or shoidder of the tube a mirror- 
like deposit, which, by the application of the flame, may be 
chased along the capillary tube, and finally driven out at its 
orifice. For the antimoniuretted hydrogen is decomposed at a 
high temperature into its constituents ; and frequently so com- 
plete is this decomposition while the heat is maintained, that the 
gas issuing from the orifice, when kindled, will no longer stain a 
porcelain sur&ce, being, in &ct, pure hydrogen. 

i, Besults doeely analogous with those just mentioned are 
obtained with compounds of an element which, on account of its 
resemblance to antimony, and for the sake of convenient com- 
parison, is introduced immediately after the metal we are now 
considering. Arsenic, the substance to which we refer, and 
which, like antimony, may be considered, strictly speaking, as 
one of the add elements, forms a compound with hydrogen 
(AsEEg) perfectly corresponding with antimoniuretted hydrogen, 
and which when burning yields a spot or metallic stain if 
cooled by porcelain, and a metallic mirror when decomposed by 
beat. To diBtinguish, therefore, between the spot or mirror 

k5 
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of arsenic and the spot or mirror of antimony, is a. problem 
which the student should be able to solve with confidence ; and 
the following reactions peculiar to antimony will enable him 
to do so : — 

1. When an antimony »pot on a fragment of porcelain is 
treated with a drop of concentrated nitric add, the add tiion 
completely removed by evaporation, and a drop of nitrate of 
silver solution added to the slight whitish residue on the porce- 
lain, 910 change of colour occurs, 

2. Again, if an antimony spot be moistened with a solution of 
hypochlorite of sodium (really a mixture, NaClO+NaCfl), t^ is 
scarcely at all dissolved. 

3. With respect to the mirror, if the tube containing an 
antimony mirror be detached from the apparatus in which the 
antimoniuretted hydrogen was being evolved, and connected 
similarly with another from which sulphuretted hydrogen is 
slowly evolved, and if, while the H, S is traversing the tube, a 
gentle heat be applied to the mirror, it will become of a 
reddish-yellow or broumiah-hlack colour, from formation of anti- 
monious sulphide (Sb, S,). The sulphuretted hydrogen gas em- 
ployed should be dry ; and to effect its desiccation it may be 
passed through a bottle containing some oil of vitriol. Over the 
mirror, now converted into a film of antimonious sulphide^ a 
slow current of dry hydrochloric add gas (evolved by heating a" 
concentrated solution of the add, and dried by means of oil of 
vitriol) may now be transmitted, the apparatus employed being 
precisely similar to that last used. During the passage of 
the gas the antimonious sulphide disappears, being converted 
into the volatile and colourless antimotiious chlcride (SbCl,), 
thus — 

8b, S3+6HCla:2SbCl,-}-3H, S ; 
the volatile chloride may be conducted into water, in which it is 
soluble ; and then the solution may be tested by its most cha- 
racteristic predpitant, a solution of sulphuretted hydrogen, 
which yields a fine orange-yellow precipitate of antimoniooa 
sulphide (Sb, Sg). , 
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A greater difference exists between the two series of salts 
which antimony forms, than has hitherto been observed in the 
case of any metal which has yet been brought before the notice 
of the student. Antimonious oxide (Sb.^03), and the chloride 
(SbCl,), which may be taken as types of the first series, have a 
fair claim to be ranked among the bodies usually known as salts ; 
antimonic oxide (SbjO,) and the chloride (SbOl^) are of a 
decidedly add character, and yield, in the presence of powerful 
basic elements, salts in which the antimony forms part (or is 
presumed to form part) of a compound oxygenated acid-radical. 

Antimonious salts are precipitated by iron, cobalt, zinc, cad- 
mium, lead, and tin completely, in the form of a black powder ; 
partially by copper or bismuth : when a trace of bismuth is pre- 
sent, the copper becomes coated with a violet-coloured film. 
Zinc precipitates the antimony from antimoniates rendered acid 
by HCl, in the form of a black powder. 

ANTIMONIOTTS SALTS, OK TEE-SALTS OF AIHIKONT. 

Solutions for the reactions : — antimonious chloride (SbOlg) in 
dilute hydrochloric add, and the double tartrate of antimonyle 
and potasdum (ElSbO, C^ H^O^) in waj»r. 

The metal in these salts is believed to be generally triatomic, 
firom the usual compodtion of its salts — ^the chloride (SbCl,), the 
sulphide (Sb^Sg), and the sulphate (Sb,[80^]g), &c. : but there 
aare certain salts, the compodtion of which can only be explained 
by supposing that antimony occasionally forms part of a basic 
radical containing oxygen, and termed anHmani/le (SbO); and 
in this respect antimony resembles uranium, which forms (as the 
studei^t will remember) a large series of salts of perfectly cor- 
responding character, and presumed to contain the basic radical 
uranyle (UjO). The salts of antimony whose existence favours 
this suppodtion are those which it forms with bibasic acids^ 
such as oxalic and tartaric. The formulae of such compoimdf^ 
are the following, — ^the oxalate (H, 8bO,C2 0^) and the tartrate 
(H,SbO,C,H,Oe). 

The metal antijaony presents many analogies with bismuth. 
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and none more striking than the remarkable fiacility with which 
its salts are decomposed by water. If we regard antimonions 
salts as constituted similarly to bismnth salts, the bodies which 
result from their decomposition by means of water mnst be 
regarded as combinations of antimonions oxide with the salt 
originally employed, while the changes which ooonr may be 
represented in the same manner as in the case of bismuUi 
salts. 

If, for instance, antimonions chloride (SbCl,) is mixed with a 
laige quantity of water, an oxychloiide, to whidli Taiions for- 
mul» haye been assigned, is precipitated: its oonstitulion has 
been thus represented, 2SbCl,,5Sb,0,; it is known by the old 
name of powder of Algarotk, Many of the other salts of anti- 
mony are decomposed by water in a simOar manner; but the 
nature of these salts and of their products of decomposition is 
iU understood. 

The so-called oxy-salts of antimony are readily soluble in 
excess of the acid, the radical of which ezistB in the original 
salt, or, indeed, in excess of most other acids ; and the peculiar 
feature which distinguishes them from the analogous compounds 
of bismuth, which they doeely resemble, is that they are tohiihU 
in excess of tartaric acid, and that the presence of the latter <uid 
prevents their precipitation. 

The principal insoluble antimonious salts are the chromate, 
the oxide, the oxychloride, the sulphide, the oxalate^ the ferro- 
cyanide, and the phosphate. 

The Chlobibb is soluble. 

The Iodide is not produced by the action of iodide of potas- 
Slum. 

The Ctakide is not known. 

The Cliromate is produced by the action of chromate of potas- 
sium on solutions of antimonious salts : it is a brownish yellow 
precipitate. 

Its formula is not known. 

It is soluble in excess of the antimonious salt, forming a green 
solution. 
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The (hade is prodaoed hy the action of the hydrates or car- 
bonates of the first and second sabdivisions upon solatioas of 
antimonions saUs, althou^ the precipitation occurs less readily 
with sach solutions as contain tartaric or other similar oiganio 
add. The oxide is also produced by digesting any of the ozy- 
salts mentioned above with solution of carbonate of potassinmy 
or even by boiling certain of them (e.g. the ozysolphate or the 
ozynitrate) with water for some time. It is a white floccuknt 
predpiiate. 

Its formula is Sb,0,. 

It dissolves in excess of hydrate of potaasiumy but less per- 
fectly in the carbonate ; in hydrate of ammonium it is insoluble. 
It is readily soluble in acids, even in tartaric add, but is not 
dissolved by nitric add. 

Hie Oxjchlnide is obtained, as already stated, when much 
water is added to a solution of antimonions chloride. Great 
reliance is placed on this reaction ; to obtain it, the predpitate 
produced by the hydrate of potasdum (the oxide 8b,0,) is dis* 
solved in hydrochloric add, and evaporated to a small bulk in 
order to ensure its converdon into the chloride (SbCI,); this 
solution is then poured into a large quantity of water, when an 
immediate predpitation of the white oxychloride will occur. 

The formula 2SbGl„ 5Sb,0^, and 4SbCl„9Sb,0„ have been 
assigned to this predpitate. 

It dissolves in hydrochloric, tartaric, and most other adds, 
with the exception of nitric add. 

The Sulphide is produced by the action of hydrosulphuric add 
upon add or neutral solutions of antimonious salts : it is a pre- 
dpitate of a fine orange colour, which is quite characteiistic. 

Its formula is 8b, S,. 

It dissolves in the sulphides of potasdum or ammonium, 
especially if these reagents contain excess of sulphur; it is also 
soluble in hydrate of potasdum, but only to a slight extent 
in the hydrate or add carbonate of ammonium. It la insoluble 
in dilute adds, but soluble in boiling concentrated hydrodiloric 
add; hot sulphuric add dissolves it less easily, with evolution 
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of hydrosulpliuric acid, while hot nitric acid decomposes and 
oxidizes it. 

The Sulphate is not well known ; it would appear, however, 
that several varieties of this salt exist, many of which are in- 
soluhle (or nearly so) in water. 

The Caebonate is not known. 

The Oxalate is produced by the action of oxalic acid on solu- 
tions of antimonious salts : it is a veiy bulky white precipitate, 
which separates completely only after standing. 

Its formula is H, SbO,C,0,. 

It is insoluble in cold water, but is decomposed by boiling 
water, which withdraws the add constituent from it, and con- 
verts it into the oxide. 

The Ferboctanide is produced by the action of fcirocyanide of 
potassium on solutions of antimonious salts (if tartaric acid be 
absent) : it is a white precipitate. 

Its formula has not been ascertained ; by some chemists it is 
believed to be an oxy-salt only. 

It is insoluble in hydrochloric acid. 

The FERRicYAirrDE is soluble. 

The Phosphate is partially precipitated on the addition of 
phosphate of sodium ; it occurs in white flakes. 

Its composition appears to be uncertain. 

The other special reagents of the present and three preceding 
subdi%ision8 are not known to give any characteristic reactions 
with antimonious salts. 

Antimonious compounds are often detected and recognized by 
the formation of the oxide, oxychloride, and sulphide. 

AKTIMOKIC SALTS, OR PEKTA-SALTS OF AlTTIlfOXY. 

Solution for the reactions : — antimoniate of potassium (ESbO,) 
in water. 

These compounds, of which the oxide is Sb^O,, and the chlo- 
ride SbCl^, bear a striking resemblance to the stannic salts, al-^ 
though they partake even to a less extent of the characters of 
normal salts, and have a far greater tendency to become con- 
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verted in the presence of basic elements into componuiS^ding 
radicals. They are, however, noticed among the saline combina- 
tions of the basic elements, to avoid the inconvenience which 
would resnlt from placing them in a different section. The salts 
(if they may be so called) of this series do not present the same 
stability as the stannic salts : if, for instance, antimonic chloride 
(SbCl,) be heated, it decomposes into antimonious chloride and 
chlorine, thus — 

SbCl,«SbCl,+Cl^, 

The principal insoluble salts of this series are the hydrate and 
sulphide. 

The Chlobidb is decomposed in the manner described below 
when introduced into water. 

Th£ Iodidb, the Ctakide, and the Chboxats are unknown. 

The Hydrate is produced by the action of water upon the 
penta-chloride of antimony, if the product be afterwards washed 
sufficiently. It is a bulky white precipitate. Like stannic hy- 
drate, this occurs in two distinct forms, each of which has a 
tendency to appropriate oxygen, and then, as a compotmd acid- 
radical, to combine with hydrogen or metaLs. These two mo- 
difications are called antimonic and metantimonic acids respec- 
tively. 

1. Antiuovic acid is obtained by the method just described, 
or by dissolving metallic antimony in nitrohydrochloric acid con- 
taining excess of nitric acid. 

The amount of hydrogen which it contains does not appear to 
have been accurately determined ; but the formula HSbO, may 
be assigned to it with great probability, while the constitution of 
its salts is generally represented by the formula MBbO,. 

This acid is quite insoluble in hydrate of ammonium, and very 
slightly soluble in water or acids. 

2. Metaktixonic acid is obtained by decomposing antimonious 
chloride with water, or by decomposiag antimoniate of potassium 
by an acid. 

The composition of the acid obtained by these methods is 
H^ SbgO^ : it is said to form two series of salts, represented by the 
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formulBe M^ B\Oj for the neutral salta, and It, H, Sb^O^ for the 
aoid salts. 

Metantiinoiiic add is soluble in hydrate of ammonium ; it also 
dissolves in a lai^ quantity of water, from which solution it is 
reprecipitated by the addition of adds. In adds it is more 
soluble than antimonic add. 

The Sulphide is produced by the action of hydrosulphuric add 
upon an add solution of antimonic salts (tartaric add prevents 
the predpitation, in the same way as it does that of antimonious 
diloride by water) ; it is also formed by passing hydrosulphuric 
add gas through water in which antimonic or metantimonic add 
is suspended : it is an orange-yellow predpitate. 

Its compodtion is Sb, S, ; but it generally contains the elements 
of water, which are evolved as water when the substance is dried* 
This body partakes of the diaracters of a hydrate, and, by the ap- 
propriation of sulphur from alkaline sulphides, becomes converted 
into a compound acid-radical united with the metal of the alkaline 
sulphide, and forming a salt which has been termed a sulphanti* 
moniate. In these compounds we do not observe the difference 
which we find between antimonic and metantimonic adds : sulph- 
antimonic add does not appear to exist in more than one modi- 
fication ; and that is said to be tribadc. The sodium salt is well 
defined ; it crystallizes in pale yellow tetrahedra with 9 eqs. of 
water, its formula being Na, SbS^+Qaq. 

The sulphide dissolves readily in the hydrates and sulphides of 
potasdum, of ammonium, and of the second subdividon, especially 
on heating. From its solution in the hydrates of potasdum or 
barium, a crystalline predpitate of antimoniate of potasdum or 
barium is, however, depodted on standing. Carbonate of potas- 
dum also dissolves it on boiling. From these solutions it is 
repredpitated by the addition of adds. It is insoluble in cold 
adds, but, when boiled with concentrated hydrochloric, dissolves, 
with evolution of hydrosulphuric acid, separation of sulphur, and 
formation of antimonious chloride. 

The Sulphate, Gabbokatb, Oxalate, Febboctahide, Febbi- 

CTAimOE, AND PHOSPHATE do UOt CZlst. 
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The other special reagents of the present and three preceding 
subdiTiaLonfl give no characteristio reactions with antimonic com- 
ponnds. 

Antimonic salts are recogniied by the properties of the hydrate 
aad of the sulphide. 

SALTS OF ABSENIC. 

The apology offered for introducing antimonic combinations 
among the reactions of the basic elements must be put forward 
again in the case of arsenic compounds. The combinations which 
this metal forms should be treated of among the compound acid- 
radicals; and indeed they must be again adverted to in the next 
Chapter : but so much inconvenience would arise from the total 
postponement of all consideration of these combinations until 
then, on account of many similarities which exist between 
arsenic and the basic dements, and because antimony serves to 
connect these, that the account of some of its reactions cannot be 
defened. 

Arsenic resembles antimony in its combinations with add- 
radicals ; it forms two series of such compounds : of the first the 
arsenious oxide (As^O,) and the arsenious chloride (AsGl,) may 
be regarded as typical, whQe the second series is represented 
by the arsenic oxide (As^O^) and the arsenic chloride (AsClg). 
These two series, like the analogous antimony series, are mu- 
tuaUy convertible by processes of oxidation and reduction ; but 
from those bodies they differ in one important point, being en- 
dowed &r more highly than the antimony compounds with the 
peculiar features of acid bodies: this feature is most strikingly 
manifested by the oxides, both of which yield salts containing, to 
one equivalent of arsenic, a hunger proportion of oxygen than exists 
in the oxide. These salts are extremely stable ; in contrast with 
this fact it will be remembered that the salts derived frx>m anti- 
monious oxide (Bb^O,) are very eanly decomposed. These dif- 
ferences might have been expected from the close resemblance 
which arsenic bears to phosphorus and nitrogen ; indeed it ought 
scarcely to be introduced among basic bodies, did not its resem- 
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blance in some points to antimony demand its comparison, for 
convenience sake, with that element. 

The ordinary blowpipe experiments cannot be performed with 
the compounds of arsenic, on account of their volatility. To this 
there are a few exceptions : one is found in the arsenic oxide 
(As^O^), which sustains a temperature of 300^ C. without change, 
but then decomposes into arsenious oxide (As^O,) and oxygen ; 
and another exists in those salts in which the acid-radical AsO^ 
enters, and which do not part with arsenic at a red heat. The ex- 
treme, volatility of arsenic and its compounds furnishes us, how^ 
ever, with an admirable means of detecting this metal. When any 
compound of arsenic, which has been intimately mixed in a mortar 
with carbonate of sodium, or with carbonate of sodium and char- 
coal, is transferred to a narrow tube of hard glass about \ of an 
inch internal diameter, 6 or 8 inches long, and closed at one end, 
and then heated before the blowpipe, a metallic mirror of arsenic is 
invariably produced, even when that metal existed in minute quan- 
tity. The following equations are representations of the probable 
changes which occur, according as the experiment is varied : — 

With arsenious oxide and carbonate of sodium, — 

5 As, O3 + 9^X CO3 = 4 As 4- 6Na, AsO + 9C0, ; 

mirror, arseniate of 
sodium. 

with arseniate of sodium and charcoal, — ^ 

2Na, HAsO,+3C=2As-|-2Na,CO,+^»0+CO ; 

mirror. 

with arsenious sulphide and cyanide of potassium, — 

As,S3-h3KCN=2A8 + 3KCN8 

mirror, sulphocyamde 
of potassium. 

Arsenic in the form of arsenious oxide (As^O^) may be readily 
detected by placing the smallest fragment of it in the finely 
drawn-out but strong point A of the tube in fig. 10, dropping 
in at a little distance above it a few splinters of charcoal, as at 
B, heating the charcoal red hot by the blowpipe flame, and then 
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allowing the flame suddenly to impinge upon that part of the tube 
which contains the arsenious oxide : the latter j-jg jq. 

substance readily volatilizes, and, in passing 
oyer the red-hot charcoal, parts with its oxygen, 
and condenses in the upper part of the tube, at 
or above C, as a black lustrous mirror of me- 
tallic arsenic. 

The compounds of arsenic when heated in 
either flame of the blowpipe, give a most cha- 
racteristic garlic odour, and volatilize, and for 
the most part oxidize also, depositing a white 
incrustation (As^O,) upon a more distant part JU'on^^ '.SSSl^i 
of the charcoal. This oxide is frequently crys- •"'^J^Jj;,^ Untenof 
talline ; and if an ars^c compound be gently ®**y^' ^-j^ i„n, 
heated in a tube open at both ends, and held of »»«»«<»«» <«ide. 
obliquely over the lamp, crystals distinctiy visible to the naked 
eye, and readily seen to bo octahedra by the aid of a lens, con- 
dense towards the upper and cooler part of the tube. If the 
current of air be excluded, as would be the case were the tube 
closed at its lower extremity, most arsenical compounds would 
then volatilize unchanged: and thus, if the uncombined metal 
were present, a black mirror woidd be formed in the cool part of 
the tube ; if one of the sulphides, a yellow or an orange sub- 
limate ; if the iodide, red crystalline scales would be deposited ; — 
whiLst it would condense as the oxide (As^O,), only if it so existed 
in the original substance, or were produced by the decomposition 
of the compound in which it occurred. 

We now come to the consideration of the chief point in which 
arsenic resembles antimony, viz. the power which it possesses of 
combining in a similar manner with hydrogen. When arsenic 
compounds are exposed to the action of nascent hydrogen, they 
yield arseniuretted hydrogen (AsH,), thus — 

As,03+12H=3H,0+2AsH3 ; 
and, as has been described in the section on antimony, this change 
18 most conveniently effected by adding to the flask in which 
hydrogen is being rapidly generated the solution of the arsenical 
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compound. The gas cannot be dried by passing through oil of 
vitriol, which decomposes it at ordinaiy temperatures ; but if re- 
quired dry, it may be passed through a tube containing fragments 
of porous chloride of calcium. The test for arsenic by means of 
the formation of arseniuretted hydrogen is called Marsh's test, 
from its inventor. The student should observe the following 
properties of arseniuretted hydrogen, comparing them caieftdly 
with those of antimoniuretted hydrogen (see p. 200) : — 

a. The gas (which is colourless, has a specific gravity of 2-695, 
and at 40^ C. condenses to a liquid, but has not yet been solidi- 
fied) possesses a most peculiar odour, resembling that of garUc : 
it is excessively poisonous if inhaled, and has often been &tal to 
human life through incautiously breathing it. If the gas be 
kindled at a fine jet, it bums with a pale bluish white flame, 
giving rise to the formation of water and arsenious oxide ; the 
latter may be seen as a white fume ascending in the cuiient of 
heated air. 

/3. If a cold porcelain surface be depressed into the flame at the 
jet, a black lustrous spot of metallic arsenic will be produced, 
which is more readily volatilized by further heating than the 
corresponding antimony spot. It is caused by the cooling down 
of the burning gas below the temperature at which arsenic enters 
into combination with oxygen. 

y. If the jet be replaced by a tube similar to that represented 
in fig. 11, and the gas, sjb it passes through, be strongly heated 
^ an inch or so from the shoulder of the tube, the flame being 
urged by the blowpipe, there appears after some little time a 
metallic mirror at that part where the tube has been nairowed 
in order to confine the reduced arsenic to the smallest possible 
space, and so to render the least trace obvious. This mirror is 
more volatile than that of antimony, and may be driven about 
the tube by the application of heat with the greatest ease : it 
is produced by a simple decomposition of the gas into its con- 
stituents. 

d. The results hitherto given as peculiar to or indicative of 
arsenic are, it will be remembered, the precise counterpart of those 
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yielded by antimonitiietted hydrogen ; and since we have already 
given the means of distmgoishing the antimony mirror and spots 
with certainty, we now proceed to state the methods of infedlibly 
recognizing arsenic. 

1. If an arwnic spot be dissolved in concentrated nitric acid, 
the acid perfectly driven off at the temperature of 100° C, and 
the residual white film moistened with nitrate of silver solution, 
its colour wiU dumge to yeHcw or red, according to the degree of 
oxidation which the arsenic has undergone : if it has been con- 
verted into arsenious acid, the colour will be yellow; if into 
arsenic, red. 

2. An arsenic spot is immediately dissolved when moistened 
with a solution of hypochlorite of sodium (NaClO). 

3. An arsenic spot remains undissolved when moistened with a 
solution of sulphide of ammonium containing excess of sulphur 
(antimony dissolves at once). 

To distinguish the arsenic mirror, the tube containing it is 
attached to an apparatus from which dry hydrosulphuric add is 
being liberated ; and the mirror, being warmed by a spirit lamp, 
is speedily converted into the Umon-yeUow tersulphide. If the 
tube be now removed to another apparatus from which diy 
hydrochloric add gas is being transndtted, and the gas be passed 
through it at the ordinary temperaturo, tio change occurs. If the 
student wiU now rofer to the behaviour of the antimony mirror 
under the same treatment (p. 202), he will see how marked is 
the difference. 

But thero is yet another means of disciiminating between 
arsenic and antimony ; it is the test of Fresenius and Babo. 

An apparatus is taken similar to fig. 1 (p. 15), the tube (C) 
removed with its india-rubber connexion, and to the bent tube ro- 
fffifi TTii-ng is attached a tube drawn out as in the annexed figuro : — 

Fig. 11. 




A 

At A Uie liatp of powder ; at B the minor; C ii an opening et the eztzeme point. 
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In the gencrating-flaBk some fragments of limestone or marble, 
together with some water, are placed, and in the washing-bottle 
a little concentrated sulphuric acid. Hydrochloric acid is then 
poured down the funnel-tube of the generating flask ; and the car- 
bonic acid gas evolved is thoroughly dried by its passage through 
the oil of vitriol. The best arsenic combination to be acted upon 
in the present arrangement of apparatus is the arsenious {or 
ter-) sulphide (As, S,), a salt easily produced. The sulphide is 
dried at a temperature not exceeding that of boiling water, and 
mixed with about 12 times its bulk of a dry mixture (previously 
made) consisting of 3 parts of carbonate of sodium and 1 part of 
cyanide of potassium; the powder is now carefully introduced 
into the tube at A by means of a paper gutter, and the whole 
apparatus left for a few minutes, in order that it may become 
entirely filled with carbonic acid gas. 

The arsenic tube is now very gently heated throughout its 
whole length, in order that every trace of moisture may be carried 
along and swept out of the apparatus by the advancing current 
of carbonic aoid gas (carbonic anhydride), which should after- 
wards be allowed to pass at the rate of one bubble only per second. 
The part of the tube between B and A b now heated to redness 
with a spirit lamp, and the mixture itself also heated in the 
same manner with a lamp urged by the blowpipe. The arsenic, 
reduced by this means, condenses in the form of a mirror in the 
capillary tube at B ; and it is said that a distinct mirror may be 
produced even when the quantity of arsenious sulphide ope- 
rated upon does not amount to more than ^^th of a grain. N 
atUimony compound whatever yields a mirror under the same cir- 
cumstances. 

By the action of metallic plates, aqueous solutions of arsenious 
oxide are but slowly reduced, while hydrochloric acid solutions 
deposit their metal more rapidly ; zinc, cadmium, and tin reduce 
more quickly than copper, lead, bismuth, or antimony. Iron 
does not reduce the metal. These actions are not so complete 
with arsenic acid. 

The combinations which arsenic in its basic capacity forms 
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with salt-radicals are few in number, and can scarcely be termed 
salts, using that word in its ordinary restricted signification: 
these combinations of arsenic are, as we have stated before, of 
two series, the first being the series of arsenious combinations, or 

ABSENIOrS SALTS, OB TEB-SALT8 OF ABSEinC. 

Solution for the reactions : — ^arsenious oxide (As,0,) in hydro- 
chloric acid. 

In these salts the combining equivalent of arsenic is supposed 
to be triatomic, resembling in this respect the analogous anti- 
monious salts. They do not, however, resemble the latter 
bodies either in forming those peculiar compounds with certain 
organic acids into which the antimony enters as a basic radical 
(SbO), nor in suffering the same decompositions by the action of 
water which antimonious salts experience. 

The Chlobide is decomposed by the action of water, yielding 
arsenious oxide and hydrochloric acid. 

The Iodide is soluble in a considerable quantity of cold 
water. 

The GrAKiDE and the Ghbouatb do not appear to exist. 

The Oxide is obtained in commercial operations as a bye- 
product by heating the ores of metals containing arsenic in a 
current of air (roasting) : in these processes the arsenic is oxi- 
dized and volatilized as the oxide (As, 0,), which may then be 
collected and condensed in suitable chambers. This substance 
occurs in two weU-defined varieties, — ^the vitreous and the cry- 
gtalline. The first or glassy variety is produced when the oxide 
is fused under pressure, or sublimed and very slowly cooled ; it 
is quite transparent, and breaks with a conchoidal fracture : the 
second variety is obtained by subliming the former modification 
and rapidly cooling the vapour, or by simply keeping the first 
variety for some time; it crystallizes in the regular system, 
either as octahedra or tetrahedra. On account of its powerful 
tendency to yield salts in which the arsenic is supposed to form 
part of a compound acid-radical, the oxide cannot be preci- 
pitated firom arsenious salts by the addition of excess of the 
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hydrates of potassium or ammonium, the following reaction 

taking place,^ 

2A8Cl,+10KHO=6Ka+K,AB,O 4-5H,0. 

anenite of 
potaasiam. 

It is recognized as a compound acid-radical by the varied colours 
of the precipitates which its soluble combinations produce with 
different metallic salts : these are formed very readily by adding 
a solution of the desired metallic salt to a neutral solution of an 
alkahne arsenite, such as that of potassium (E^As^O,) or of 
ammonium ([NHJ^ Ajs^ 0^). The arsenite of copper (Cu^ASjO,) 
is called Sched^s green, and the arsenite of silver (Ag^ As^O,) is 
yellow ; and these salts are perhaps the most remarkable arsenites. 

The composition of the arsenious oxide, or arsenious anhydride, 
is As,0, : it does not appear to form any compound with water, 
i,e. no hydrogen salt of the acid-radical As,Og; many of its 
salts, with other basic radicals, are coiLsidered bibasic, and the 
formula M^As^O^ has been assigned to them. 

Arsenious oxide is very soluble in the hydrates and car- 
bonates of potassium and ammonium ; in water it does not dis- 
solve to any very great extent ; its physical condition also in- 
fluences its solubility. Thus 1 part of the opaque and cryBtaUine 
variety dissolves in 7*72 parts of boiling water, whilst 1 part of 
the vitreous oxide requires 9-33 parts for solution : as the tem- 
perature decreases, the greater portion of the substance is de- 
posited ; for 80 parts of cold water are requisite to hold 1 part of 
the opaque oxide in solution, and 103 of cold water are required 
to dissolve 1 part of the vitreous variety. This substance is 
slightly soluble in alcohol. The presence of adds generally in- 
creases its solubility. Many arsenites dissolve in ammonium 
salts. 

No OXTCHLORIDE CXistS. 

The Sulphide is produced by the action of hydrosulphuric 
add gas on neutral or add solutions of arsenious salts (e.g. AsGl,), 
or addifled solutions of arsenites: it is a predpitate of a very 
fine orange colour, which occurs native as Orpiment. 
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Its fomnda is As^ 8,. 

It is very soluble in the hydrates, sulphides, and carbonates 
of potassium and ammonium. When dissolved in alkaline hy- 
drates or carbonates, it yields a mixture of arsenite and sulph- 
arsenite, perhaps thus — ^^ 

2As, S,+6K,C0,=K,As,03 4-K^ As, 8^ +B; 8+600,. 

anenite. sulphanemte. 
When the sulphide is washed with cold water, a small quantity 
dissolves ; but it is decomposed to a very slight extent even by 
boiling water, a trace only of arsenious acid passing into solution 
at the same time that a minute quantity of sulphuretted hy- 
drogen escapes : this decomposition is shown more conspicuously 
if the sulphide be boiled with dilute sulphuric or hydrochloric 
add, — ^boiling concentrated hydrochloric add acting upon it with 
difficulty. 

This substance partakes to a great extent of the features of 
the oxide just described, particularly in giving rise to a series 
of well-defined sulphur salts, known as the sulpharsenites : 
they belong to three distinct series, all produced from arsenious 
sulphide (As, 8,), which we may here call the sulpharsenious 
anhydride. Thus we have these formulee for the potasdum 
salts of the three series — X^As^B^, K,AsS„ and KAsS, : the 
first series may perhaps be formed by the union of the second 
and third. 

Some further observations will be offered on this subject when 
treating of the add-radicals containing aisenic. 

The Sttlphatb, the Cabbokate, and the Oxalate do not exist. 

The Feeroctanide is said to be produced by the action of 
ferrocyanide of potasdum upon a solution of arsenious oxide 
(Aj3,P,) in dilute hydrochloric add. 

Its compodtion is unknown. 

It is decomposed by boiliog nitric add, but is insoluble in 
water. 

The EBBBicTAinDE and the Phosphate do not appear to exist. 

The other special reagents of the present and three preceding 
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groups are not known to exert any characteristic or definite 
action upon arsenions combinations. 

The formation of the oxide and the sulphide^ together with 
the characteristic properties of certain '' arsenites/' are the chief 
means employed for the recognition of arsenic in arsenions 
compounds. 

ABSEKIC COMBDrATIONS, OB PEKTA-SALTS OF ABSEIHC, 

Solution for the reactions : — arsenic oxide (As^O^) in water. 

These compounds are closely allied to the penta-salts of anti* 
mony, but partake more strongly of the acid character, and are, 
it would seem, confined to the forms of arsenic oxide (As,Og), 
and arsenic sulphide (As^S^), both of which may be considered 
anhydrous acids or anhydrides, and give rise to the salts termed 
" arseniates" and " sulpharseniates." 

The Oxide (Asfi^) is prepared by acting on arsenions oxide 
(ASj^Og) with nitric acid : it probably unites with the elements of 
water to produce arsenic acid (H, AsO^), which, since it easily 
yields up water on the application of heat, cannot be isolated. 
Arsenic acid forms, however, an extensive class of salts, the 
general formula for which is M, AsO^ ; these contain water of 
crystallization, and are isomorphous with the tribasic phosphates. 
The arseniates are frequently of very characteristic colours ; the 
copper salt (Cu^HAsO^) is greenish blue, while the silver salt 
(Agj AsO^) is brownish red, 

Hie Sulphide is produced by the passage of hydrosulphuiic 
acid through acid solutions of arseniates : it is a lemon-yellow 
precipitate. 

Its formula is As, Sg. 

Athough quite insoluble in boiling water, it is very soluble in 
the hydrates, carbonates, and sulphides of potassium or ammo- 
nium, especially on the application of heat. When it dissolves 
in a soluble carbonate or hydrate, the solution contains a mix- 
ture of arseniate and sulpharseniate of the basic element intro- 
duced in the hydrate or carbonate employed. The following 
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equation represents the action, assuming, for the sake of simpli- 
city, the presence of oxide of potassium (K^O) and the formation 
of arsenic salts with 3 equivalents of basic radical : — 

4As, S.+12K,0=3K, AsO^+SK, AsS,. 

aneniate. sulpharaeniate. 

This substance, like sulpharsenious anhydride, yields three 
series of salts, which are termed sulpharseniates, and to which 
the formulae given below have been assigned : we take the po- 
tassium salts of the three series — K^ As, 8^, K, AsS^, and KA-sS, ; 
the first series may perhaps be formed by the union of the second 
with the third, for K, AsS44-KAsS3=K^ As^ S^. 

The other reagents of the present and three preceding sub- 
divisions do not appear to yield any characteristic reactions with 
a solution of arsenic acid ; and, in fact, the other salts of the 
present series are not known to exist. 

The chief means employed for the recognition of arsenic in the 
arsenic combinations are the precipitation and behaviour of the 
sulphide, and the formation of the coloured arseniates of copper 
and silver. 

SALTS OP PLATimJM. 

The metal platinum presents many features in common with 
palladium; it also resembles in some respects the metal tin. 
Platinum forms two series of combinations with salt-radicals : — 
the platinous salts, of which the chloride (PtCl) and the oxide 
(PtaO) are types ; and the platinic salts, which may be repre- 
sented by the chloride (PtCl^) and the oxide (Pt^O,). As in the 
case of palladium, the platinous salts must be regarded as the 
normal saline combinations of platinum, since the platinic com- 
pounds have a great tendency to yield bodies in which the plati- 
num constitutes part of the acid-radical contained in them. 
like palladic salts, platinic salts pass very readily into the lowe 
series of combinations. 

When heated before the blowpipe, either in the oxidizing or 
reducing flame, all platinum compounds are reduced to the 
metallic state with the greatest ease ; but, owing to the infusi- 
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bility of the metal, no globule, but only a black or grey powder 
is obtained ; they impart no colour to the blowpipe flame, nor 
does the experiment with nitrate of cobalt yield any charac- 
teristic result. Fused with borax, platinum salts are merely 
reduced to the metallic state. 

Platinic chloride (PtCl,) readily combines with chloride of 
potassium to form a salt in which the platinum is supposed to 
form part of the salt-radical, and which is known as chloro- 
platinate of potassium (KPtCl,) ; the platinic iodide, bromide, 
oxide, and sulphocyanide behave in a precisely similar manner, 
and yield perfectly analogous products. The formation of the 
chloroplatinates of potassium and ammonium forms one of the 
best means of recognizing platinum ; they may always be pro- 
duced by bringing the platinum into the higher stage of com- 
bination as a platinic salt, and then adding hydrochloric add 
and chloride of potassium (or ammonium), when the precipitate 
EPtCl, (or NH^ PtCl,) forms, either immediately, or upon agita- 
tion or addition of alcohol to the liquid. 

Another test must be mentioned here as an important means 
of recognizing platinic salts : it is the action of stannous chlo- 
ride, which when added to a platinic salt produces at first a 
reddish brown tint, and subsequently a gelatinous precipitate of 
the same colour; if the platinic solution be dilute, the colour 
of the liquid and precipitate is yellow. These precipitates are 
soluble in hydrochloric acid, giving brown solutions. 

Platinic salts are reduced most quickly by iron, cobalt, zinc, 
cadmium, and copper, the platinum separating as a black powder, 
which aggregates into laminae. Tin effects the reduction quickly, 
but forms a compound with the platinum. Nickel, lead, silver, 
bismuth, antimony, and arsenic act more slowly. 

FLATIH0U8 SALTS, OB PB0T0-BALT8 OF PLATIKUM. 

Solution for the reactions : — ^platinous ohloride (PtCl) in dilate hydro- 
chloric aoid. 

The prindpcd insoluble salts of this series are the chloride, iodide, 
cyanide, hydrate, sulphide, and carbonate. 

Tus Chlorids is obtained by heating platinio chloride, with constant 
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flturing for Bome time, at the temperature of melting tin (228^ C). Bj the 
simple evaporation of the aqueous solution of platinic chloride at 100° C, 
this body is also to a certain extent produced. It is a greenish grey, or oc- 
casionally a brown powder. Its formula is PtOl. It is insoluble in water, 
but soluble in hydrochloric add, and in a solution of platinic chloride. It 
does not dissolve in nitric or sulphuric add. 

The Iodidi is produced by the action of iodide of potassium on platinous 
chloride in the presence of water, the substances being heated together. It 
is said to be obtained also when iodide of potassium acts upon solutions 
of platinous salts, which in these cases remain at first colourless, then 
become deep brown, and after some time deposit the iodide as a heavy 
Ticti black predpitate, leaving the supernatant liquid colourless. Its formula 
is PtI. It is acted upon by a hot solution of iodide of potassium, which 
forms iodoplatinate of potasnum (KPtl,) and leayes metallic platinum. 
The same change is slowly effected by hydriodic add in the cold, with 
formation of iodoplatinic add (HPtI,). It is insoluble in water or alcohol, 
and even in concentrated nitric, sulphuric, or hydrochloric add. 

Ths CvAiriDB is produced by the action of cyanide of potassium on certain 
platinous salts, and by several other methods. It is a predpitate of a yel- 
lowish white colour. Its formula is PtCy. Its solubility in some menstrua 
varies with the method of its preparation ; it is, however, always soluble in 
excess of cyanide of potassium, and, it would seem, also in hydrate of ammo- 
nium. It is insoluble in water and adds. 

Thb Chroxats does not appear to exist 

Ths Htdrats is produced by the addition of warm hydrate of potassium, 
not in excess, to solutions of platinous salts, if not too dilute. It is a bulky 
black predpitate. Its formula is probably PtHO ; but if precipitated by 
hydrate of sodium, the predpitate contains sodium. It is readily soluble in 
excess of its predpitants, forming green solutions, from which it may be 
repredpitated by the addition of sulphuric add, but which, if boiled, yield 
predpitates of metallic platinum. Boiling hydrochloric add gives rise to 
the formation of chloropUtinic add and metallic platinum. 

The Sulphide ^ produced by the action of hydrosulphuric add or 
soluble sulphides on solutions of platinous salts : it is a brownish black pre- 
dpitate. Its formula is Ft^ S. It dissolves in large excess of sulphide of 
ammonium, forming a brownish red solution. It is not altered by boiling 
hydrate of potasdum ; the concentrated adds (nitrohydrochloric induded) 
Bcarody attack it even at the boiling temperature ; but fimiing nitric acid 
diasolTes it after long ebullition, yidding 

The Sulphate, a yery soluble salt. 

The Cabbokatb is predpitated slowly when carbonate of potasdum acts 
upon solutions of platinous salts ; carbonate of ammonium cannot be sub- 
stituted for the potasdum salt. It is a reddish brown predpitate, the 
formula of whidi is unknown. 

The Oxalate, the Febboctanibb, the Fbrbictajyidb, and thb Fhos- 



222 CHEMICAL BXACnOlTS. 

PHATB are not prodaoed by their respectaTe reagents, and if existing at all 
are soluble. 

The other special reagents of the present and three preceding subdivisions 
are not known to give any characteristic reactions with platinous salts. 

The chief means employed for the recognition of this series of salts is the 
behayiour of the chloride, and also the precipitation of the iodide and the 
sulphide. 

PLATnaC 8ALTB, OR BI-SALT8 OF PLATIRUH. 

Solution for the reactions : — platinic chloride (PtCL^) in 
water. 

The principal insoluble salts of this series are the iodide, the 
cyanide, the chromate, the hydrate, and the sulphide. 

The Chloride (PtCl,) is soluble. 

The Iodide is produced by the action of iodide of potassium on 
solutions of platinic salts, and separates after standing, or more 
readily upon warming the mixed solutions : it is a precipitate of 
a brown colour. 

Its formula is PtI,. 

It dissolves in alcohol with partial decomposition, giving a 
yellowish green solution ; it is not decomposed by concentrated 
sulphuric acid in the cold. It dissolves readily in hydriodic 
acid. 

The Cyaiode is scarcely known, but appears to be soluble in 
cyanide of potassium, insoluble in acids. 

The Chrouate is produced by the action of chromate of potas- 
sium on solutions of platinic salts : it is a deep red precipitate, the 
formula of which has not been ascertained. 

The Hydrate is produced in a pure condition only when the 
hydrates of potassium or sodium, not in excess, are added to a 
solution of platinic nitrate ; these precipitants throw down from 
most other platinic salts, potassium or sodium salts of one or 
other of the platinic acids. It is also produced by the action of 
the carbonates of the second subdivision. It is a black pre- 
cipitate. 

Its formula is PtH^O^. 

This salt is soluble in excess of its precipitants, and from 
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these solntions it is reprecipitated on the addition of acetic acid. 
It dissolves in the stronger acids. 

The Sulphide is produced by the action of hydrosulphuric acid 
gas or soluble sulphides on neutral or acid solutions of all pla- 
tinic salts ; if the platinic solution be alkaline, partial precipi- 
tation only occurs. The chloroplatinates also yield platinic sul- 
phide. It is a precipitate of a brownish black colour. 

Its formula is Pt^ S^. 

It is soluble in large excess of alkaline sulphides, especially if 
they contain ter- or penta-sulphides ; it is insoluble in hydro- 
chloric or nitric SLcid, but dissolves in nitro-hydrochloric. 

The Cabbonate does not appear to exist. 

The Oxalate exists, but is soluble. 

The Sulphate, the Febboctaitede, the FsB&iCYAirn)E, and 
THE Phosphate do not appear to exist. 

The other special reagents of the present and three preceding 
subdivisions give no characteristic reactions with platinic salts. 

The formation of the insoluble chloroplatinates of potassium 
and ammonium, as described on p. 220, constitutes the best test 
for the presence of the bi-salts of platinum. 

SALTS or BHODIUM. 

The metal riiodium is found associated with platinum in certain ores of 
the latter metal. It forms two series of combinations with salt-radicals, only 
one of which corresponds with a series of the platinum compounds, that is, 
the series of rhodious salts, of which the oxide is Bl^ O, and the chloride BCl ; 
the other series, the rhodic salts, is represented by the oxide ([R^laO^) and 
the chloride (II2CI3). 

Salts of rhodium are reduced to the metallic state when heated before the 
blowpipe in either flame, although, as the temperature is lowered, the finely- 
divided metal reoombtnes with oxygen. They impart no colour to the flame, 
nor do they give any reaction with solution of nitrate of cobalt ; with borax 
they are reduced. Most salts of rhodium have a pink or red colour. 

Besides the two series of salts mentioned abore, there is another series of 
more complicated character, derived from the rhodic salts. Of this series 
the salt K3R2Cl5+aq may be taken as a representative: this salt, how- 
ever, as also that of ammonium ([NH^J^B^Cl^-l-aq) is comparatively 
soluble in water ; and therefore the addition of chloride of potassium or 
ammonium to rhodic chloride, although giving rise to the formation of these 
salts — the chlororhodiates of potassium or ammonium — does not constitute 
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80 good s tert for the prasenoe of thiB metal as of platmnm. The ehloro- 
rhodiatee are iiuoluble in alcohol. A salt of the formula K, B^Cl,+6aq 

also exietB. 

The addition of a solution of stamious chloride to concentrated solutions 
of rhodic salts produces a brownish yellow precipitate, with more dilute 
solutions a jeUow precipitate, and with even the most dilute a yeUow 

colouration. 

Rhodic salts are reduced to the metallic state by iron, sine, copper, and 

mercury, but not by silver. 

KHOniOUS SALTS, OR PR0T0-8ALTS OF HHODITTM . 

These salts are but littie known ; all those which have been examined, or 
nearly all, are insoluble in water and adds, and are generally produced by 
decomposing rhodic salts. 

Thb Chloudb, Oxins, Sulphidb, and Sulpbatb are insoluble salts. 

SHODIC SALTS. 

These salts, although not corresponding in constitution with platinic salts, 
resemble them in one rranarkable feature, vis. the power which the chloride 
and oxide poseen of uniting with more chlorine or oxygen, and then, as a 
compound acid-radical, of assuming a basic constituent 

The chief insoluble salts of this series are the iodide, the hydrate, and the 

sulphide. 

Tm Chlorids is soluble. 

The Iodide is produced by the addition of iodide of potassium, which 
darkens the solution, and produces, after a time, a slight yellow precipitate. 

Thb Cyanidb and Chromatb are not produced by the appropriate reagents. 

The Hydrate is produced by the action of hydrate of potassium on solu- 
tions of rhodic salts ; more slowly by carbonate of potaanum. It is a yellow 
precipitate. Hydrate of calcium produces a reddish brown precipitate Ite 
formula is said to be B^HjOj+aq. It is soluble in exoees of hydrate of 
potassium, and dissolves slowly in acids. 

The hydrate or carbonate of ammonium produces, after some time, in 
solutions of rhodic salts, a lemon-yeUow precipitate of rhodiate of ammo- 
nium, which is soluble in hydrochloric add. 

The STllphide i» produced by the passage of hydrosulphuric add gas» or 
the addition of soluble sulphides to warm neutral or add solutions of rhodic 
salts, or to solutions of those salts in which the metal exists as part of the 
add-radical. It is a brown predpitate. Its formula is probably B^ S,. It 
is soluble in sulphide, and to some extent in hydrate of potassium, but it is 
insoluble in exoees of sulphide of ammonium ; it dissolves in hydrochloric or 

nitric add. 

Thb Sulphatb, thb Carbonatb, thb Oxalatb, thb FBRROCTAifinB, th« 
Fbrricyakidb, and thb Phosphatb, are not produced by their several re- 
agents, or, if produced, are soluble. 



^» 



SALTS OF BTTTHENinC. 225 

The other special reagents of the present and three preceding groups are 
not known to gite anj characteristic reactions with rhodio salts. 

The precipitation of the iodide, hydrate, and sulphide, and the reaction 
with stannous chloride, are the tests chiefly made use of for the detection of 
rhodio salts. 

8Ai;t8 or wrHssiuu. 

This metal is fomid associated with platinum, and is obtained from that 
poirtion of the ore which is insoluble in nitro-hydrochloric acid. It unites 
to some eitent the peculiarities of platinum and rhodium, since it forms 
tliree series of salts, of which the representatiye oxides and chlorides are 
respectiTely Bu^O and BuCl; (£02)303 and BU3CI3; Bu^O^ and BuCl,. 
The two latter series, like platinum and rhodium, yield other series of com- 
plicated constitution, in which the ruthenium is thought to constitute part of 
the acid-radical. In addition to these numerous compounds, this metal forms 
with o^gen another acid-radical, at present only known in the form of a 
potassium salt (KBuO,). The colours of ruthenium salts are very varied. 

Bathenium has a greater tendency to combine with oxygen than any other 
of the metals resembling platinum, with the exception of osmium ; conse- 
quently, when its salts are heated before the blowpipe, they are not reduced 
to the metallic state, the protoxide (Bu, O) withstan<^g a white heat without 
parting with its oxygen. Buthenium salts impart no colour to the flame, nor 
do they give any reactions with nitrate of cobalt or fused borax. 

This metal possessing two series of salts both capable of furnishing com- 
pound acid-radicals containing ruthenium, yields similar precipitates with 
solutions of the chlorides of potassium or ammonium as do the correspond- 
ing compounds of the two preceding metals. Thus, with ruthenium salts 
two classes of these combinations aze formed : if the ruthenium be introduced 
as sesqnichloride, the chlorides of potassium and ammonium produce in 
oonoentrated solutions dark brown crystalline precipitates (either K, Bu, Clg, 
or [NH4], Bu, Clg), which are but slightly soluble in cold water, and insoluble 
in alcohol ; if, on the other hand, the bichloride of ruthenium be employed, 
the addition of a solution of chloride of potassium gives rise, particularly 
in tiie presence of alcohol, to the precipitation of a rose-coloured crystalline 
salt (EBUCI3). 

BVTHEinOUB SALTS. 

These salts are of trifling analytical importance ; the chloride is almost the 
only soluble salt known, while tiie oxide, which does not dissolve in acids, is 
almost the only well-defined insoluble salt which has been examined. 

SBSQUI-SALTS OF RUTHBNIVM. 

These are better defined, more numerous, and more stable than ruthenious 
salts : they are produced by dissolving the sesqui-oxide in acids ; the sesqui- 
ozide itself being obtained by heating the finely-divided metal before the 
blowpipe until it has acquired a bluish black colour. < 
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The principal insoluble salts of tins aeries are the hydnto and sulphide. 

The Chloride is soluble. 

The Cyanide* and the Chromats do not appear to have been examined. 

Th6 Hydrate is produced by the action of the hydratee or carixmates of 
potaj9sium or sodium on sesqui-chloride of ruthenium ; it is alao produced by 
a solution of phosphate of sodium, and eren by one of borax, on heating. It 
ia a blackish brown precipitate. Its formula is Bu^ H, O3. It is insoluble 
in excess of hydrate of potassium. 

The Sulphide is produced by the passage of hydrosulphuric add through 
a solution of the sesquichloride, or by the addition of sulphide of ammo- 
nium. Hydrosulphuric acid gives a result which is characteristic of rutke- 
nium : if the gas be passed until the liquid appears nearly black, and tiie 
latter be then filtered, the filtrate will be found to have changed from orange- 
yellow to a magnificent bltie colour ; this change is said to be due to the reduc- 
tion of the sesquichloride to the state of protochloride. The sulphide is black : 
its formula is probably (Bu^)^ S, ; it appears, however, always to contain an 
admixture of sulphur. It is not perceptibly soluble in excess of sulphide of 
ammonium. 

The Sulphate and the Carbonatb are not known, while thk Oxalate 
is not precipitated by oxalic add, which only decolourizes the solution of the 
sesquichloride. 

The Ferroctavide does not appear to exist ; ferrocyanide of potaadnm at 
first decolourizes the solution, and finally turns it bluish green. 

The Ferricyanidb and the Phosphate do not appear to exist. 

The other special reagents of the present and three preceding subdivisions 
are not known to exert any characteristic actions upon the sesqui-salts of 
ruthenium. 

SUTHElfIC SALTS, OR BI-8ALTS OF RUTHENIUM. 

These salts are nearly as numerous and definite as the sesqui-salts of ru- 
thenium. The chief salt from which they are obtained is the sulfate 
(Bu.^ [SO J2), which is soluble in water, and is itself produced by digesting 
the sesqui-sulphide ([Bu^^], S3) in nitric add. 

The chief insoluble ruthenic salt is the hydrate. 

The Chloride is not known, except in combination with chloride of 
potassium, &c. 

The Cyanide and the Chromats do not appear to have been obtained. 

The Hydrate ^ produced by evaporating a solution of tiie sulphate to 
dryness in the presence of hydrate of potassium or carbonate of sodium. It 
is a yellowish brown gelatinous predpitate: its formula is thought to be 
BuH^O,; it generally, however, retains a portion of its precipitant. It is 
soluble in adds, yielding solutions which are rose-coloured when concen- 
trated, and yellow when dilute. 



* Mercuric cyanide colours a solution of sesquichloride of ruthenium 
blue, and produces a blue predpitate. 
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A SuLPHiDB of a jrellowiBh brown colour is produced when hydrotulphuric 
acid is passed tlvough the aqueous solution of the salt KBuCL| ; but tlie 
liquid, uulike the solution of the sesquichloride, remains rose-coloured. 

Tam SoLPHATB is soluble. 

Thb Carbokatb, Oxalatb, FxsBOOTAiriDB, Fbbrictanide, and Phosphatb 
do not appear to haTC been examined. 

The action of the other reagents upon solutions of ruthenic salts has not 
been ascertained. 

SALTS OF UmiUM. 

This metal also occurs associated with platinum, and is obtained from that 
portion of the ore which is insoluble ; it is also found, combined with osmium, 
in separate grains, occurring in the platinum ore. In many respects it re- 
sembles ruthenium, and forms a corresponding number of combinations with 
aalt-xadicala, ya. iiidious salts, represented by the oxide Ir^O, and the chlo- 
ride IrCl; sesqui-salts, represented by the oxide [Ir^j^Os, and the chloride 
Ir, CI, ; iridic salts, represented by the oxide Ir, O^, and the chloride IrCl, ; 
and even a fourth series, represented by one or two members only, the com- 
position of which does not^ howerer, appear to hare been accurately deter- 
mined hitherto. 

Salts of iridium, when exposed to a strong heat, are reduced to the metallic 
state; the metal, however, when exposed to a less derated temperature, 
oaddizes. Its salts impart no colour to the blowpipe flame, are not affected 
by the nitrate of cobalt test, and yield no characteristic result by fusion with 
borax. 

The sesqui- and bi-salts of iridium present the same tendency which tlie 
corresponding platinum, rhodium, or ruthenium compounds exhibit, to yield 
salts containing an add-radical of which the rare metal forms a constituent. 
Thus, the addition of the chlorides of potassium or ammonium to sesqui- 
chloride of iridium, causes the precipitation of salts, the composition of 
which, disregarding the water of crystallization in all cases, is E, Ir^ Clg, 
or [NHJalr^Clj, while the same reagents, if added to a solution of iridic 
chloride (IrCl,), produce the salts ElrClg, or NH^IrClg. These salts are 
oomparatiyely soluble in water, but insoluble in alcohol. The colour of the 
former dass of salts is oliye-green ; of the latter, a very dark red, approaching 
to black 

Iron, zinc, tin, and most other metals (excepting gold and platinum), par- 
tially predpitate iridium as a black powder. 

IBIDIOU8 SALTS, OB FBOTO-SALTS OF IRIDIUM. 

The salts of this series are better defined than ruthenious salts. The 
chloride (IrCl) appears to be insoluble in water, but soluble in hydrochloric 
acid, while with alkaline chlorides it unites to form the salts KlrCl.^, &c. 

The hydrate, the oxide, and the sulphide appear to be well-defined in- 
soluble salts. 

Tub Cyajtidb and the Chbomatb do not appear to exist. 
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ThO Hydrate i> produoed hy aoting with the oarbooAteB of poUMimn or 
sodium upon Bolutions of the bsUb ElrCl, or Kalrd,: it is a greemah grey 
precipitate. Ite formula is probably IrHO. It dissolTes in eioeBB of its 
precipitants, jieldiiig greenish yellow solutions ; it also dissolves in adds, with 
a green colour. 

The Oxide u produced by boiling the insoluble iridious ohloride (IrCl) 
in solutions of hydrate of potassium : it is a black powder. Its formula is 
Ir, O. It dissolves slightly in excess of hydrate of potassium ; and the solu- 
tion, if exposed to the air, passes through a purple to a dark blue colour. It 
is but slightly soluble in boiling acids. 

The Sulphide u produced by the action of sulphuretted hydrogen on 
iridious salts: when so prepared it is of a brownish-yellow colour. Its 
formula is Ir^ S. It is more soluble in sulphide of potassium than is the 
corresponding platinous salt : it is slightly soluble in pure water, imparting 
to it a reddish brown colour ; but this solubility is p rev e nte d by previously 
washing the sulphide with acidulated water, or a solution of chlaride of 
ammonium. Nitric acid converts it into iridious sulphate. 

The Sulphatb is soluble. 

Thb Cabbonatb, Ozalatb, Peseoctakidb, Fbreiotafidb, and Phosphati 
do not appear to have been examined. 

The otiier reagents of the present and three preceding groups are not known 
to exert any charaoteristic action upon solutions of iridious salts. 

8B8QVI-8ALT8 OF HUDIUIC. 

These salts appear to be about as numerous as the preceding; the ehloride 
and sulphate are soluble, while the hydrate and sulphide are insohiMa. 

The Hydrate is produced by the action of hydrate of potassinm upon 
the sesquichloride : it is a bulky dark brown precipitate. Tbas decomposi- 
tion does not, however, invariably occur, even when the mixture is heated ; 
but after a long time the Hquid absorbs oxygen, becomes blue, and deposits 
iridic hydrate, IrH^O^. The brown sesquihydrate always contains potas- 
sium. It dissolves in acids, forming brown or dingy purple solutions. 

Thb Sulphidb is produced by precipitating a sesqui-salt of iridium by 
hydrosulphurio add gas : it is a brownish-black predpitate. Its formula is 
(Irj2)2S3. It is somewhat soluble in solution of sulphide of potasdum ; in 
water also it dissolves slightiy, colouring it yellow. Nitric add converts it 
into the sesquisulphate. 

Thb Sulphatb is soluble. 

The action of the other reagents of the present and three preceding gitmps 
upon seequi-salts of iridium has not been ascertained. 

IRIDIC SALTS, OR BI-8ALT8 OF IRIDIUM. 

These salts are more easy of formation than those of the preceding seriea, 
inasmuch as they may be easily produced from any of the iridium salts of 
the two kinds previously described, by merely boiling their solutions in 
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▼ends exposed to the air, or stall more resdily by the action of nitric acid. 
The anhydrous iridic salts are generally black, or red if powdered ; their 
solutionB in vater, red or dark brown when concentrated, and reddish 
yellow when dilate. 

The principal insoluble iridic salts are the iodide, the hydrate, and the 
Bolphide. 

Thb Chlohidb is soluble. 

The Iodide is produced by boiling iridic chloride with hydrochloric acid 
and iodide of potassium in solution : it is a black powder. Its formula is 
Irl,. It is insoluble in water and in adds. 

Thi Oyakids and thb Ohbomavi are unknown. 

The Hydrate is produced by the action of hydrate of potassium not only 
upon solutions of iridic salts with the aid of heat, but also upon any of the 
chlorides of iridium at the boiling temperature: it is a bulky precipitate of 
an indigo colour. Its formula is IrH, O, ; but it always retains a portion of 
its precipitant. It is almost insoluble in dilute nitric or sulphuric acid ; but 
it slowly dissolres in hydrochloric add, the solution being at first blue, then 
green, and lastly of a reddish brown tint. Hydrate of ammonium produces 
a brown predpitate in solutions of iridic salts, but fiuls to predpitate the 
friiole of the metal. 

Th^ Sulphide is produced by the action of hydroeulphuric add gas upon 
Bolutions of iridic salts, which at first are decolourized ; or by addition of 
sulphide of ammonium, not in excess, to solutions of iridic salts, or of salts 
in which the iridium forms part of the add-radioal : it is a brown predpitate. 
Its formula is Ir^S,. It is readily soluble in excess of sulphide of ammo- 
nium ; it disBolTes in sulphide of potassium also, and to a slight extent in 
water : by the action of nitric add it ia conyerted into iridic sulphate. 

Tex Sulphatb is soluble. 

Thx Casboh atb is said to be produced by the action of carbonate of potas- 
nnm, not by carbonate of sodium, and is described as a reddish brown pre- 
cipitate which gradually rediasolTes, leaying traces only of a brownish black 
powder. 

Thb Ozalatb does not appear to exist ; oxalic add decolourizes solutions 
of iridic salts. 

Thb FsBBOOTAiaDB does not appear to exist ; ferrocyanide of potassium 
only decolourizes solutions of iridic salts. 

Thb Fbrbxctanidb and Phosphatb do not seem to hare been examined. 

The other special reagents of the present and three preceding subdirisions 
are not known to yield any characteristic reactions with solutions of iridic salts. 

The hydrate and sulphide are the most characteristic iridic salts ; and by 
their formation the metal in this form of combination may be recognized. 

FBB-IRiniC SALTS, OB TBB-aALTS OV IBIDIUM. 

Two only of these compounds are known, — the per-iridic chloride (IrCl,) 
and the oxide (Ir^O,). The chloride is soluble in water, giving a red solu- 
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tion, while the oxide is a greeiuBh-yeUow precipitate, obtained by acting upon 
the salt K3 IrCle (SKCi, liCi^) with hydiate of potaasiuni,— the salt E, IrOl^, 
being formed by the union of chloride of potaamam with per-izidic chloride. 
Fer-iridic oxide is inBoluble in water, and gives rise, under certain dcroam- 
fltances, to the salte termed iridiates (BfLrO,). 

SALTS OF OSMIUM. 

The metal osmiom oocors alloyed with iridium, as already stated, in 
distinct grains, with platinum ores. In many of its chemical properties it is 
thought to resemble the arsenic, phosphorus, and nitrogen group of add- 
radicals. It diifers in many respects from the four preceding metals, and in 
no feature more remarkably than in the complete volatility of many of its 
compounds. Osmium forms no less than six compounds with o^gen, five 
of which exist in the isolated state. With other salt-radicals, such as sulphur, 
the combinations of this metal are not so numerous ; five compounds with 
sulphur are known, and but four with chlorine. The first three series only 
appear to partake decidedly of what has been termed the normal saline cha- 
racter. The oxides and chlorides of these three series are the following : — 
Os, O and OsCl ; (Os,), O, and Oa, GI3 ; Os, O, and OsCl^. There are then 
thi«e series which appear to possess in a marked degree (he acid character ; 
two of these are represented by the following formulss — Os^O, and OsOl,, 
OSjOf, while the third oxide, although termed osmic add, or osmic anhydride, 
is scarcely known in combination with a basic radical, but generally appears 
as Os, O4. The colour of osmium salts is usually greenish, yellowish, brown, 
or black. 

When heated in the air, osmium compounds oxidize to osmic anhydride 
(OS2O4), which is a volatile compound having a pungent odour somewhat 
resembling that of chlorine or bromine. This conversion into a volatile com- 
pound predudes the application of the ordinary blowpipe test. 

Certain osmium salts present the usual characteristics of the allied rare 
metals, and yield, like them, salts in which the osmium forms part of the 
add-radicaL The best-defined of these salts is KCljOsCl,, or rather XOsCl^, 
which crystallizes in regular octahedra of a dark brown colour, which dissolve 
in cold water, more readily in hot, and are reprecipitated on the addition 
of alcohol, in the form of a vermilion-coloured crystalline powder. 

Osmium is predpitated from add solutions of osmic anhydride (Os, O^) by 
iron, zinc, cadmium, and tin, as a blue or reddish black powder, partly sus- 
pended in the liquid, and giving it a blue or violet tint On antimony, 
bismuth, lead, copper, mercury, and silver, osmium is deposited as a crust, 
without any blue colour. It is also reduced by ferrous sulphate, but not by 
stannous chloride. 

OSMIOUS SALTS. 

The Chlokide (OsCl) is a green salt, soluble in water. 
Thb Htdratb is predpitated by the action of hydrate of potassium on a 
solution of the salt KOsCl^, and probably also by Alkaline carbonates acting 
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apon oomious salts. It u a greenish black precipitate, which diMolves 
bIowIj in adds, forming doll green solutionB. 

The Sulphide is produced by hjdroeulphuric acid gas acting upon solu- 
tions of osmious salts : it is a brownish yellow precipitate, slightly soluble in 
water, and which, by the action of nitric add, yields 

The Sulphate, a soluble salt 

The oUier osmious salts are diher unknown or soluble in water. 

SBSQUI-SAI/rS OF osmiTM. 

The existence of these salts appears to be doubtfiiL 

081(10 SALTS, OB EI-SAIA'S OF OSMIUM. 

The Chloride (OsCl^) is yery soluble in water, giving a reddish yellow 
solution, firom which the other osmic salts may be prepared. 

The Htdrate is produced by the action of hydrate or carbonate of po- 
tassium on solutions of osmic chloride, osmic sulphate, or of the salt KOsCl, : 
it is a black predpitate, which dissolves in excess of carbonate of potasdum, 
forming a dark brown solution, from which it is repredpitated by ebullition 
or on standing. It is insoluble in adds, excepting hydrochloric. 

The Sulphide (OsjS^) is predpitated by the action of hydrosulphuric 
add gas on solutions of osmic salts : it is a dark yellowish brown predpitate, 
which is slightly soluble in hydrate of potasdum and in water, at least when 
recently predpitated, and before drying. 

The Sulphate is soluble. 

The other osmic salts are dther unknown or soluble in water. 

QUADROZIDE OF OSMIUM. 

Osmic anhydride, or, as it is more commonly called, osmic add, must be 
noticed here, as affording the prindpal means of recognizing osmium. The 
osm-iridium, or platinum to be tested for osmium, should be fused with three 
parts of nitre in a erudble, and the resulting dark red mass of osmiate of 
potasdum just dissolved in water, the solution mixed with sulphuric acid 
which has been diluted with its own bulk of water, and then rapidly distilled. 
The body Os^O^ (osmic anhydride) condenses as a white crystiUline mass 
in the recdver, or fuses beneath the watery portion of the distillate if the 
temperature be but slightly raised. It boUs and evaporates below 100° C, 
subliming at a slight elevation of temperature, and then condendng upon 
a cooler part of the recdver. Its taste resembles that of oil of cloves, and 
its odour that of chlorine or iodine. It is extremely poisonous and corrodve. 
It colours aD organic substances black, firom the reduction of osmium upon 
them. It is soluble in water. 

When an aqueous solution of this substance is mixed with excess of sul- 
phurous add gas (sulphurous anhydride), a dark blue liquid is finally pro- 
duced, after the colour has passed through the stages of yellow, brown, and 
green. This blue compound is supposed to be an intermediate sulphate. 
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SALTS OF GOLD. 



A confiideTable resemblance exists between gold and the im- 
mediately preceding metals; the compounds which it prodaces 
with salt-radicals are not, however, so numerous as those which 
the last five metals form. There are but two series of salts of 
gold, the anrous and auric salts ; of these the former series is 
represented by the oxide Au,0 and the chloride AuCl, the latter 
by the bodies Au^O, and Aud,. The latter series partakes to a 
great extent of the characteristics of the platinic, iridic, and 
similar compounds ; but, in addition to these combinations, it seems 
probable that one member of a third series is known, per-auric 
oxide, AUgOg, which may be viewed as an anhydride. 

When gold salts are heated before the blowpipe, they are re- 
duced to the metallic state ; and by an intense heat, especially 
with the aid of a flux (borax), or carbonate of sodium, the metal 
may be fused into a malleable globule, the peculiar colour of 
which is easily recognizable. Gk)ld salts impart no colour to the 
flame, nor do they yield any characteristic reaction with nitrate 
of cobalt. When Aised with borax, they are reduced. 

Similarly to the metals recently considered, the second series 
of gold salts gives rise to compounds in which the gold is pre- 
sumed to form part of the compound acid-radical contained in 
them. Thus, auric chloride (AuCl,) forms with chloride of po* 
tassium a salt ECl, Audi,, or rather KAud^, chloraurate of po- 
tassium, — ^while, if auric iodide be added to iodide of potassium^ 
iodaurate of potassium (KAuIJ is formed. These salts, however, 
being very soluble in water, do not enable us to employ their 
formation as a means of recogniring gold. 

The reaction which auric chloride exhibits when treated with 
stannous chloride (SnCl), especially if the latter reagent contain 
a trace of stannic chloride (SnCl,), is the most valuable and 
characteristic indication of the presence of gold. The solution to 
be tested should be acidified with a few drops of nitric add, or a 
few drops of a solution of ferric chloride (Fe,Gl,) added to it, 
and then a small quantity of a solution of stannous chloride poured 
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in : if gold be present, a reddish or purplish brown precipitate or 
dond wHl be formed, marking the passage of the stannous solution 
as it mixes with the liquid under examination. It is better, in 
performing this experiment, to operate upon a considerable 
quantity of an extremely dilute gold solution (a drop or two of 
auric chloride in a beaker of water). This precipitate is called 
^'purple of Casmu'^ : when dry, and in fine powder, it has a dull 
blue tint. Its composition has been much discussed ; but the 
formula Au8n,0,4-2aq seems a probable one. This compound 
may be prepared by placing an aqueous solution of auric chloride 
in contact with pure granulated tin. The purple of Cassius, when 
moist, is soluble in hydrate of ammonium, forming a solution of 
a magnificent reddish purple colour; boiled in hydrate of potas- 
sium, however, or in water, it remains unchanged. Boiling 
concentrated nitric or hydrochloric acids, or dilute sulphuric add, 
act upon it but slowly, removing the tin. 

Most metals precipitate gold from its solutions in the metallic 
state, either as a brilliant metallic deposit, or in the form of a 
brown powder. Some metals 3rield a purple powder containing 
gold, oxygen, and the metal used as the precipitant. Phosphorus, 
sulphur, and many reducing agents, separate metallic gold from 
its solutions. 

One of the most characteristic tests for the presence of gold in 
a solution is the reduction of the metal effected by the addition 
of ferrous sulphate (Fe^SO^). K to a solution of gold containing 
1 part of metal in 80,000 parts of water, a solution of ferrous 
sulphate be added, a bright blue tint is produced ; even if the 
mixture be diluted to 320,000 parts, a pale violet colour is 
apparent. 

Ausors SAi/rs, or pboto-salts or gold. 

There sppeur to be no iolnble salts of this aeBriea; the insoluble salts 
known are these, — ^the chloride, the iodide, the oxide, and the sulphide. 

Thx Chlorids is obtained in yariable quantity whenever auric chloride is 
eraporatod to dryness. The latter salt is completely converted into this 
compound, widi loss of chlorine, if it be heated for some time to the melting- 
point of tin (228® C), with contmned stirring. It is a yellowish white 
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powder. Its formula is Aud. Bj water, eepecially on ebullition, it is 
resolyed into aurio chloride and metallic gold. 

The Iodide is produced by adding a solution of iodide of potassium, not 
in excess, to a neutral solution of auric chloride : it is a lemon-jellow crj- 
stalline powder. Its formula Ib AuI. It is very soluble in excess of its 
precipitant. Water and adds are without action upon it in the cold ; but 
upon raising the temperature, they decompose it into iodine and gold. 

The Oxide is obtained by the action of boiling hydrate of potassium on a 
solution of auric chloride, or on the solid aureus chloride : it is a dark green 
powder. Its formula is Au,0. It is slightly soluble in hydrate of potas- 
sium ; hydrochloric acid oonyerts it into auric chloride and metallic gold. 

The Sulphide is obtained by passing hydrosulphuric add gas through 
a boiling solution of aurio chloride : it is a brownish black powder. Its 
formula is Au, S. 

No other salts of this series are well known. 



AUBIC SALTS, OB PEB-SALTS OF GOLD. 

Solution for the reactioiis : — auric chloride (Aud,) in water. 

The principal insoluble auric salts are the iodide, the hy- 
drate, and the sulphide. 

The Chlobide (AuGl,) is soluble. 

The Iodide is produced when a solution of auric chloride is 
gradually added to a solution of iodide of potassium ; the liquid 
becomes green and deposits a green precipitate, which redis* 
solves on agitation. 

Its formula is AuI, ; but it is speedily resolved into anrous 
iodide and iodine. 

It is soluble in iodide of potassium solution. 

The Ctajtide is produced by adding cyanide of potassium, not 
in excess, to a solution of auric chloride : it is a yellow precipi- 
tate. Or it may produced by adding an excess of cyanide of 
potassium, and then addifying with hydrochloric acid. 

Its formula is probably AuCyj. 

It is insoluble, or nearly so, in dilute hydrochloric acid, but 
dissolves in excess of its precipitant, forming a salt to which the 
formula KAuCy^ has been assigned, and which is much em- 
ployed in electro-gilding. 

Tile Htdbate is produced by the action of hydrate of potas- 
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simn, not in excess, and of the ordinary temperature, upon a 
solution of auric chloride. It is a reddish yellow precipitate. 

Its formula is unknown. 

It dissolves in excess of its precipitant, forming aurate of 
potassium, probably KAuOj. It is also soluble in hydrochloric 
acid, and in great excess of nitric or sulphuric acid. 

Carbonate or hydrate of ammonium added (not in excess) to a 
tolerably concentrated normal solution of auric chloride produces 
a reddish yellow precipitate of the so-called aurate of ammo- 
nium, or fulminating gold: it detonates most powerfully after 
it has been carefully washed with hot water. Its constitution 
is obscure. 

The Sulphide is obtained by the action of hydrosulphuric 
add gas upon auric chloride at the ordinary temperature, or by 
the action of sulphide of ammonium. It is a black precipitate. 

Its formula is Au^ S,. 

It dissolves in the sulphides of potassium and ammonium, and 
in hydrate of potassium, forming sulphaurates and aurates. 
From these solutions it is reprecipitated by acids in which it is 
insoluble. In nitro-hydrochloric add, however, it dissolves. 

The Cabbonate does not exist. 

The Oxalate does not exist. Oxalic add acts upon solu- 
lutions of auric salts in a peculiar manner ; and this action con- 
stitutes one of the most eJiaraeteristic tests for the presence of 
gold : when added to the gold solution (which should be pre- 
viously evaporated in the presence of hydrochloric add to ensure 
the absence of nitric add), and the mixture boiled, the metal 
separates in the form of an orange-brown powder, or in minute 
spangles ; for ^^^^^^ 

2AuCl, +3H2C3 0,=2Au+ 6HCl-f 6C0,. 

The Sulphate, the Fehbocyanide, the Fekrictajtibs, and 
THE Phosphate do not appear to exist. 

The other spedal reagents of the present and three preceding 
subdividons give no characteristic reactions with auric salts. 

The presence of gold is usually recognized by the formation 
of the malleable yellow globule, by the precipitation of the beau- 
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tifol purple of Cassiiis, and by the reduction of the metal ef- 
fected by ferroiifi sulphate or oxalic add. 

SALTS or TUHOSTEN. 

To this and the renuuning metals of the present subdivinon, many of the 
remarks made on the characteristics of arsenic apply. These elements do 
not yield tme normal salts, but) uniting with sereral eqiuTalents of acid- 
radicals, produce bodies which present the features of acid anhydrides ; th^ 
are neyertheless noticed here, inasmuch as (like the analogous compounds 
of antimony and arsenic) they form certain insoluble combinations, sack as 
hydrates and sulphides, which may occur among the salts of the other metals. 

Tungsten forms three combinations with oxygen, two only of which are 
represented by combinations with other add-radicals. These oxides are 
the binoxide (W3O,) with the corresponding chloride (WCl,), and the ter- 
oxide (W3O,) with the corresponding ter-chloride (WCl,) ; the remaining 
oxide is W^ Og, and seems to be formed by the union of the two former. 

Some of the salts of tungsten are Tolatile; but those which are not, ^^len 
heated before the blowpipe, are usually converted into tungstic oxide, which 
is yellow when cold, but becomes darker on heating ; in the reducing flame 
the oxide blackens, but does not fuse. When heated on platinum wire with 
carbonate of sodium, a dark yellow glass is obtained, which becomes paler, 
opaque, and crystalhne, on cooling. Tungsten salts impart no colour to the 
flame. With nitrate of cobalt no reaction is obtained. Fused to&h boraas, 
howerer, on platinum wire, a clear colouriets bead is formed in the oxidising 
flame; but this, if the tungstic oxide be increased in quantity, becomes 
slightly yellow, and even somewhat opaque while in the flame, and on 
cooling, milk-white. In the reducing flame with a moderate quantity of the 
oxide, the bead becomes dark yellow while hot, and hrowniah yellow en eooi^ 
ing, A more characteristic result is obtained if microcoamic salt be em- 
ployed instead of borax ; for in the oxidizing flam>$ the bead becomes paU 
yellow , while in the reducing flmne it is clear blue. If, howeyer, iron were 
present, as in testing the mineral Wolfram (tungstate of manganese and 
iron), the bead would hare been of a bright red. 

With stannous chloride the salts of tungsten give a blue precipitate of the 
oxide W^Og. There are no tungsten compounds corresponding to tfaei. 
cbloroplatinates, chloriridiates, and chloraurates. 

TUHG8TOV8 SALTS. 

These compounds are but few in number, and, with the exception of the 
sulphide, unstable ; they are also comparatively unimportant, as the analysfc 
is almost entirely concerned with the tungstic series. 

The chief insoluble salts of this series are the oxide and the sulphide. 

Thb Chloridb is a volatile liquid, decomposed by water. 

Thk Iooidi, TBI Ctavibb, and thb Chbokatb, are unknown. 
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The Oxide u produoed both by deoompoong the ofaloride (WCl,) with 
water, and by actmg on tongstio oxide (W,0,) with naaoent hjdrogen : the 
latter method at fint prodnoea the hbae oxide. This oxide may also be ob- 
tained by heating tongstate of ammonium in a ekwed ?eaMl : it ia a brown 
or Yiolet brown powder. Ita formula is W,0,. It diawdTea in hydrate of 
potaaaiam, wiUi evolution of heat and formation of tongatate of potaasiam 
(KWO,). Hydroflnoric ie the only acid which attacks it 

Thb Sulphidi is obtained by the action of heat on tongatic solphide. It 
also ooonrs in nature. Its formula is W^S,. Nitrohydrochlorio add con* 
TertB it into tungstic oxide and sulphuric add. 

TbB SuLPHATB, THI CaRBONATX, TBI OXALATS, TBI FfeRBOCTANIDB, TBI 

FsRUCTAHma, and tbb Pbosfhati are unknown. 

TUHOariC SALTS. 

Theae compounds are chiefly recc^gniied by the insoluble oxide and 
Bolphide. 

Thb Chloride is a Tolatile liquid, decomposed by water. 

Thb Iodidb, thb Ctabidb, and thb Chkomatb are unknown. 

The Oxide ie obtained by decomposing the salts in which tungsten occurs 
aa part of the add-radical : thus the native tungstate of caldum, or the arti- 
ficial tungstate of sodium, yield the oxide when acted upon by hydrochloric 
add. It is a yellow powder, becoming dull green when heated. Freshly 
predpitated it is gelatinous. Its formula is W,0,. This substance is solu- 
ble in the hydrates of potasdum and ammonium, forming tungstates; from 
these solutions it is repredpitated by nearly all adds, excess of which does 
not cause its re-solution (with the single exception of phosphoric add). The 
organic adda, oxalic, dtric, and tartaric, do not, howerer, effect the predpi- 
tation of tungstic oxide from tungstates, if added in excess. Tungstic oxide 
diaaolres in the soluble sulphides of the alkaline metals. 

The Sulphide ie obtained by saturating a solution of an alkaline tung- 
state with hydroenlphuric add, and the subsequent addition of hydrochloric 
add. It IB produced also when the oxide is dissolTcd in an alkaline 
anlplude, and the resulting solution repredpitated by an add. It is a lirer- 
oolouied predpitate. Its formula is W^ S,. This compound Lb soluble in 
alkaline sulphides, forming a series of salts such as those described under 
antimony and arsenic : these solutions decompose in the air, finally yielding 
the tungstate and the sulphate of the alkaline metal. Tungstic sulphide dis- 
soItcs in hydrate and carbonate of potasdum, and less readily in hydrate of 
ammonium : in these cases it forms a mixture of sulphotungstate and tung- 
state, just aa arsenic sulphide yields under the same conditions a mixture of 
sulpharaeniate and arseniate. Tungstic sulphide is slightly soluble in water, 
colouring it yeUow or brown ; heat increases this solubility. 

Thb Svlphatb, thb Cabbonatb, thb Oxalatb, thb Fbbbocyahidb, thb 
Fbbriotahidb, and thb Phosphatb are unknown. 
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The other special reagents of the first and three preceding subdirisioDs 
give no characteristic reactions with tungstic salts. 

Timgstic salts are chiefly recognized by their oxide and sulphide ; but the 
formation of the indigo-blue oxide by the action of nascent hydrogen is aiao 
oharacteristio, although not peouliar to this metaL 

SALTS 01* MOLYBDENUM. 

This metal bears a considerable resemblance to the preceding; it forms, 
however, a larger number of compounds with oxygen and other salt-radicals, 
constituting several series, which are represented respectively by the oxides 
and chlorides MojO and MoCl ; Mo^O, and MoCl^; Mo^O, and MoCl,, 
while between the two latter oxides there exists one called the bltie oxides 
which is apparently intermediate or a compound of both (Moj^O^ ?). 

Some molybdenum compounds, as the chlorides, subUme at a gentle 
heat ; those which are fixed, usually yield the oxide Mo^Og when heated in 
the air. When heated on platinum wire with carbonate of sodium, the 
oxide Mog O3 gives a glass which is clear while hot, and becomes milk-white 
on cooling ; if the bead be transferred to charcoal, and heated on it, it sinka 
in, and if the mass be levigated, a steel-grey powder of the metal is obtained. 
Molybdenum compounds impart no colour to the blowpipe flame, nor does 
nitrate of cobalt yield any decisive result. With borax the bead is dark yel- 
low or red in the oxidizing flame whilst hot^ and colourless or of a bluish gre^ 
opaline appearance when coldy according to the amount of molybdenum pre- 
sent ; in the reducing flame the bead becomes hrown^ with but a minute trace 
of molybdenum, and quite dark and opaque if a little more be added. With 
microcosnUc salt in the oxidizing flame the bead is yellowish green when hot, 
and colourless when cold^ and if transferred to charcoal, becomes opaque and 
bright green ; in the reducing flame the colour is of as fine a green as that 
of chromium. 

The salts of molybdenum, in which that metal exists as a compound acid- 
radical combined with potassium, sodium, or ammoniimi (alkaline molyb- 
datee), yield with a small quantity of stannous chloride (SnCl) a blue 
colouration ; with a larger quantity of the reagent, a blue precipitate ; and 
with a still larger amount, a green precipitate : the blue and green precipi- 
tates dissolve in sulphuric add, yielding blue or green solutions. There are 
no combinations of molybdenum known corresponding to the chloro- 
platinates and chloraurates. 

MOLYBDOUB SALTS. 

The soluble salts of this series are of a black or deep purple colour, or, if 
dilute, of a brownish green tint; the insoluble salts are dark grey or bladL 
They are generally obtained from the oxide Mo^Oj, by dissolving it in hy- 
drochloric add and adding zinc: the liquid becomes at first blu0| then 
reddish brown, and finally black ; the molybdous chloride (MoCl) formed. 
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and preBent in the solution, is separated firom the chloride of zinc by excess 
of hjdrate of ammonium, which predpitates it a« hydrate. Moljbdous 
salts do not oxidize so readilj as those of the next series. 

The principal insoluble molybdous salts are the chromate, the hydrate, 
the sulphide, the ferrocyanide, and the phosphate. 

Tsx ChiiOkii>b and ths Iodidb are soluble. 

Thb Cyavidb is unbiown. 

Thb Chbomats is produced by chromate of potassium. 

The Hydrate i* obtained by adding the hydrates of potassium or am- 
monium, or the carbonates of potassium or sodium, to solutions of molyb- 
dous salts: it is a brownish black precipitate. Its formula is probi^ly 
MoHO. It is insoluble in excess of alkaline hydrates, slightly soluble in the 
carbonates of potassium, sodium, and anmionium. Becently precipitated, it 
dissolres slowly in acids ; but after ignition, by which process it is conTerted 
into the oxide (MOj O), it is quite insoluble in acids. 

The Sulphide is produced by the action of hydrosulphuric acid gas, as a 
brownish black, and by sulphide of ammonium as a yellowish brown pre- 
cipitate. Its composition has not been ascertained. It dissolyes readily in 
sulphide of ammonium. 

The Sulphate, formed by dissolving molybdous hydrate in sulphuric acid, 
is soluble. 

The Cabbonatb is not known. 

The Oxalate is a dark grey precipitate^ slightly soluble in excess of oxalic 
acid. 

The FBEROCTAKinB is produced by the action of ferrocyanide of potassium, 
as a daak brown predpitate. 

Its composition is unknown. 

It is soluble in excess of its precipitant^ and also in excess of hydrate of 
ammonium, yielding dark brown solutions. From its ammoniacal solution 
it is reprecipitated upon the addition of chloride of ammonium. 

The Febeicyaitidb is produced by the action of ferricyanide of potassium, 
as a reddish brown precipitate. 

The Phosfhate is produced by the action of phosphate of sodium, as a 
dark grey precipitate, soluble in excess of molybdous chloride. 

The action, on solutions of molybdous salts, of the other special reagents of 
the present and three preceding groups, has not been ascertained in all cases. 

Molybdous salts are generally recognized by the formation of the insoluble 
hydrate and sulphide. 

moltbdic salts. 

These salts are prepared by dissolring molybdic hydrate in the rarious 
adds. They may also be prepared by digesting excess of metallic molybdenum 
in a solution of per-molybdic oxide (Mo, O3) in that add whose molybdic 
salt we desire to obtain. In the anhydrous state these salts are black ; but 
when in solution, or combination with water, red or reddish brown. 
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The principal insoluble salto are the chromate, the hydrate, the sulphide, 
the ferrocyanide, and the phosphate. 

The Chlobidb and the Iodide are soluble. 

The Gtah IDE is unknown. 

The Ghsomatb is produced by the action of ohromato of potassium. It is 
precipitated in greyish yellow flakes, whioh are insoluble in water. 

The Hydrate ^ obtained by the action of the hydrates of potaasium or 
ammonium, or of the carbonates of potassium or sodium, on solutions of 
molybdic salts. It is a reddish brown precipitate, which becomes nearly 
bbck on drying. The formula is probably MoH^O,. It is insoluble in 
excess of the alkaline hydrates, but soluble in the carbonates ; sii^tly soluble 
. in water, to which it imparts a yellow or red tint. It is repredpitated from 
its aqueous solution by chloride of ammonium and some other salts. It 
dissolves in adds. 

The Sulphide is produced after some time, by the passage of hydro- 
sulphuric add gas through molybdic salts, as a brown predpitate, or by the 
addition of sulphide of ammonium, as a yellowish brown predpitate. Its 
formula is Mo, S,. It dissolves in sulphydrate of ammonium. It is easily 
soluble in nitric add, while it is decomposed by sulphuric add on ebullition, 
evolving the gas termed anhydrous sulphurous add (SO,), and yielding a 
blue solution. 

The Sulphate and the Oxalate are soluble. 

The Carbonate does not appear to exist. 

The Ferboctakide is produced by ferrocyanide of potassium, as a dark 
brown predpitate insoluble in excess of its predpitant, but soluble in hydrate 
of ammonium ; from this solution it is repredpitated by chloride of ammonium. 

The Feerictanidb is produced by ferrioyanide of potassinm, as a dark 
brown predpitate insoluble in excess of its predpitant. 

The Phosphate is produced by phosphate of sodium, as a brownish white 
predpitate. 

The action, on bi-salts of molybdenum, of the other spedal reagenta of the 
present and three preceding subdivisions, has not, in many cases at leasts 
been well ascertained. 

The hydrate and the sulphide are the most diaraoteristio salts of the 



Between the bi-salts and ter-salts of molybdenum, the diaraotenstic blus 
Oxide of molybdenimi occurs : it is obtained by the oxidation of the lower, 
or the reduction of the higher oxides. 

Its formula is doubtfuL 

It is soluble in water, but repredpitated from its aqueous solution by chlo- 
ride of ammonium. 

tbb-saltb of moltbdbnum. 

The oxide of this series is commonly called molybdic add ; it is really 
anhydrous molybdic add, or molybdic anhydride, and yields salts in idiioh 
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the molybdexmm oonititates part of tiie add-radioal. Other ter-salts of 
moljbdoiiim exist in addition to the oxide (Mo^O,): tbej are chiefly 
toned by diesolving the latter in adds. 

The chief insoluble oomponndB of tfaia series are the oxide, the sulphide, the 
ferrocyanide, and the femcyanide. 

Thb Chlobiss, thb Iodidb, and thi Cyaitidb, if existang at all, are pro- 
bably Bolnble. 

Tbs Chsomate is unknown. 
' .Sl6 Oxido is produced by oxidizing one of the lower oxides or hydrates 
by nitric acid, or by roasting the natiye sulphide. It is a white crystalline 
body, which melts at a red heat to a yellow liquid. Its formula is Mo^Og. 
It dissolves in the hydrates of potassium and ammonium, forming the mo- 
lybdates EMoO,, and NH4 M0O3. There are several series of molybdates — 
basic, normal, and acid; tiie alkaline molybdates only, such as those just 
mentioned, are readily soluble in water. The oxide (Mo^O,) dissolves in 500 
psrtB of oold, or 960 of hot water; before ignition it is soluble in many 
adds. 

The SulphidB ia produced by saturating a solution of an alkaline molyb- 
date with hydroeulphuric acid gas, whereby an alkaline sulphomolybdate is 
fintformed(EMoO,+2H38=KMoS,+2^0); the sulphomolybdate is then 
decomposed by the addition of hydrochloric add (2KMoS2+2HCl=MOa S,, 
+H2S4-2KCI). It is a brown predpitate. Add solutions of molybdic an- 
hydride (M02O3) are coloured blue when hydrosulphurio add is first passed 
through them : after a time, a brown predpitate of the ter-enlphide contain- 
ing free sulphur occurs ; but the molybdenum is never wholly predpitated. 
The formula of the brown sulphide is HogS,. It dissolves in the hydrates 
and sulphides of the first subdivision, forming the sulphomolybdates. 

Thx Svlphats, obtained by acting on molybdate of barium with sulphuric 
add, is soluble. 

Thi Cakbohatb does not exist 

Ths Ozalatb is soluble. 

Tea FaBBOcrAirtDB is produced by adding ferrocyanide of potassium to 
aa acid solution of molybdic anhydride (Mo,0,), and appears as a reddish 
predpitate, which dissolves in excess of ito predpitant, and also (with de- 
oompodtion) in hydrate of ammonium. 

Ths FutaiOTAinna is produced by ferricyanide of potasdum as a pale 
reddish brown predpitate, which is soluble in hydrate of ammonium. 

Thb Phosphatb is soarody known. 

The other special reagents of the present and three preceding subdivisions 
axe not known to give any deddve results with solutions of ter-molybdic 
salts, or of the molybdates. 

The most characteristic salts of this series are the oxide and the sulphide, 
together with the derivatives of the oxide known as the " molybdates." 
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8ALT8 OF YAKADinif . 

This metal resemblefl molybdenum in forming a oonaderable number of 
different combinations with oxygen and other salt-radicals. The Bist seriea, 
that of yanadious salts, is represented only by the oxide VgO, which is dis- 
solved by nitric acid alone, and which, if exposed to the air, passes into 
vanadic oxide. The second series, that of yanadic salts, is represented bj 
the oxide T^O,, and the chloride VOL,, — ^whilst the third series, that of the 
ter-salts of yanadium, is typified by the oxide VsO, (the anhydrous yana- 
die add) and the chloride y(\. Between the oxides of the two hitter 
series there are certain other oxides of a blue or green colour. 

The metal zinc precipitates metallic yanadium from its solutions. 

YANADIO 8ALT8, OB BI-BAi;T8 OF YAXADtUU, 

The anhydrous salts of this series are green or brown, while their solu- 
tions are of a blue colour, which yariee in intensity with different salts, and 
which often changes to a green by oxidation. The oxide is prepared by the 
ignition of yanadite of ammonium ; it dissolyes slowly in adds. 

The prindpal insoluble salts are the cyanide, the hydrate, the ferrocjra- 
nide, and the ferrioyanide. 

Ths Ctajiidb is formed by digesting the hydrate in a solution of hydro- 
cyanic add, as a dark-brown gelatinous mass, which is soluble in cyanide of 
potassium. 

The Chlorids, the Iodide, and the Ohbomate are soluble. 

The Hydrate u best produced by predpitating a yanadic salt (through 
the solution of which hydrosulphuric add gas has been passed, in order to 
reduce the yanadic oxide) by slight excess of carbonate of sodium. The 
predpitate is greyish white : and the liquid should be left perfectly coloor- 
less ; for if blue, carbonate of sodium enough has not been added, while, if 
green, yanadic oxide is present. The grey predpitate, if exposed to the air, 
speedily becomes brown. Its compodtion has not been asoertained. It 
dissolyes in excess of alkaline hydrates, forming brown solutions containing 
vanadites ; from these solutions it is repredpitated by more alkaline hydrate. 
In neutral or acid alkaline carbonates it dissolyes, forming pale blue 
lutions. 

Solutions of yanadic salts (also the insoluble hydrate), when mixed 
excess of hydrate of ammonium, yield a brown predpitate of tfonadife of 
ammonium, in which the yanadium enters as a constituent of the acid- 
radical. Yanadite of ammonium is insoluble in hydrate of ammonium, 
but dissolyes in water, with a brown colour. 

The Sulphide is not produced by hydrosulphuric add gas ; but by the 
addition of alkaline sulphydrates (e. g. IS^^ HS) to solutions of yanadic salts, 
a brownish black predpitate is obtained. Its compodtion is Y, S,. It dis- 
solyes in excess of its predpitants, forming solutions of a beautiful purplish 
colour ; it dissolyes also in a boiling solution of carbonate of sodium, with » 
brownish yellow colour. It is not affected by hydrochloric or sulphuxte 
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acid ; bat by nitric add it ia oonverted into Tanadic sulphato, whiofa ia a 
aolnble salt 

The Carbovatb and thb Ozalati seem to be soluble. 

Th6 FarrCK^yanido is produced by the action of ferrocyanide of potaa- 
rimn : it 18 a biilky, lemon-yellow precipitate, which becomes green by expo- 
eore to the air. 

Tm FsBBiCTAHiBB is prodooed by femcjanide of potassiam, as a gelatinous 
yeDow-green precipitate. 

TbB PHOflPHATB is SOlublc. 

In meet instances the other special reagents of the present and three pre- 
ceding subdivisions haTc been found to giye no characteristic reactions with 
Tanadic salts ; the action of others has not been ascertained. 

The insoluble hydrate^ sulphide, and fenocyanide are the most character- 
istic Tinadic salts. 

TBE^SALTS OV YAHADHTX. 

The oxide of this series (VgO,) plays the same part as the corresponding 
oxide of molybdenum ; and this metal occurs in nature in the form of a 
▼anadiate, just aa molybdenum occurs as a molybdate. Several salts, how- 
ever, containing other salt-radicals than oxygen, belong to the ter- or per- 
vanadic series. The vanadiates are colourless, yellow, or occasionally red, — 
wtile the ter-salts are alM) generally red or yellow, and give solutions of the 
same colour: by the action of reducing agents (e.^. HgS or H^O) they 
become blue. 

Thb Chloridb (VOI3) is a liquid which dissolves in large excess of water, 
forming a pale yellow solution, which decomposes in a few days, becoming 
green or blue, and evolving chlorine, and forming the bichloride Td,. 

Thx Iodidb and thb Chbomatb are unknown. 

Thb Oxidb is produced by the action of nitric add on the lower oxides, or 
directly from the ores ; it may also be obtained by the action of the hydrates 
of potassium or ammonium on vanadic salts. It is a reddish yellow or brick- 
red predpitate. Its formula is V, O,. It dissolves in the hydrates of potas- 
sium and ammonium, forming vanadiates, the solutions of which are yellow 
or brown (moet metallic vanadiates are soluble). 1 part of ter-oxide requires 
1000 parts of boiling water for solution. It dissolves readily in adds. 

Th 6 SnlphidB is ^ot produced by hydrosulphuric add gas ; but by the 
addition of sulphy drate of ammonium a brown predpitate falls. Its formula 
ia T, S,. It dissolves in the hydrates, sulphides, and carbonates of the first 
sobdiviaion, forming sulphovanadiates. It is not decomposed by sulphuric 



Thb Sulphatb is soluble. 
Thb Cabbohatb does not exist. 
Thb Oxalate is soluble. 

Thb FBEEOCTAiriDB is produced by ferrocyanide of potassium, aa a beautiful 
green predpitate, which ia insoluble in adds. 

]c2 
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The Fs&ucTAiriDB is unknown. 

The Phosphate is yellow, and oomparatiTely soluble in water. 

The other special reagents of the present and three preceding sabdiTisions 
hare generally been found to give no oharacteristio reactions with ter-salts of 
vanadiom. 

Ter-salts of yanadium may be recognized best by the formation and re- 
actions of the oxide, and also of the sulphide. 

SALTS OF SBLEirfCM AlTD TELLUBIUM. 

These two bodies, which will be fully treated of in the next Chapter, are 
mentioned here because they are precipitated as sulphides from their acid 
solutions, in coigunction with the members of the fourth subdivision, by the 
passage of hydroeulphuric add gas. 

The Sulphide of selenium is yellow. Its fonnula is SeS^. It diasolyes 
in excess of sulphydrate of ammonium. 

If the sulphide be dissolved in nitrohydrochloric add and evaporated to 
dryness, seloiious anhydride (SeO,) will be obtained, which may be recog- 
nized by the following reactions : — 

a. If a portion be dissolved in water, with which it combines to form sele- 
nious add (H, SeO,), and some hydrochloric add and a strip of zinc be then 
introduced into the solution, the zinc will become coated with a copper- 
coloured fihn^ and subsequently red or red-brown fiocke of teknium are 
depodted. 

/3. If anotlier portion of the sdenious anhydride, or some of the predpi- 
tated selenium of experiment a. be dried at a gentie heat, and then volatilisBd 
before the blowpipe flame, apeetUiar odour^ rettmbUng that of koree-radiek, 
is perodved. 

The Sulphide of tellurium is a dark brown predpitate. Its formula is 
TcSq. It is soluble in excess of sulphydrate of ammonium, and in boiling 
solutions of the hydrates of potassium and sodium, yielding salts known ae 
Bulphotellurites. 

We now subjoin a method for the analysis of the 2nd Section 
of this BubdiYision, supposing that we have one only of its im- 
portant members present. The Table for the Ist Section has 
been already given (p. 190). 

On pp. 246 and 247, the synopsis of reactions will be found. 
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Analysis of Svhdivisian IV. 

Sectiov n. — Salto of metals which form Sulphides soluble in Sulphide of 

Ammonium. 

The salt may be one of TIN, ANTIMONY, ABSENIC, PLA- 
TINUM, or GOLD. 



If, as is probable, it is a sulphide, wash thoroughly; add hydrochloric 
acid ; boil, and add, while boiling, a few drops of mtiic add, drop by drop, 
until the precipitate is dissolyed. Pour uie solution down the fiinnel- 
tube of a hydrogen apparatus fitted with an " arsenic-tube " (see ^. 213). 
Apply the heat of a spirit-lamp, urged by a blowpipe, to the arsemc-tube. 
Tdb lormation of a mirror after the lapse of a few minutes indicates 



the presence 

of 
Arsenic or 
Antimony. 
Dissolyeuie 
mimv out of 
the tube l^a 
dro^of hot 
nitnc acid ; 
eyaporate in 
a porcelain 
dish to dry- 
ness at 100*' 
C. ; redissolye 
in a drop of 
water, and add 
nitrate of 
silyer. 
A yellow or 
red precipitate 
indicates 
Arsenic; 
no change 
indicates 
Antimony. 



If no mirror is obtained when the action in the hydro- 
sen apparatus has ceased, brush the black powder which is 
louna, carefully firom the surface of the zinc ; it may contain 

Tin, Antimony, Platinum, or Gbld. 
Wash it by decantation, boil it with hydrochloric add, and filter. 



Any residue indicates the 

presence of 

Platinum or €k>ld. 



Boil in hydrochloric add, Boil the hydrochloric solution, 



and add a drop or two of 

nitric add, just to dissolye ; 

boil to decompose any nitric 

add remaining, then add 

some concentrated solution 

of oxalic add, and keep 

warm for some time. 



A brown 
predpitate, 
or yellow 
metallic 
spanglee, in- 
dicates the 
presence of 
Gold. 



If no pre- 
dpitate occurs, 
the solution 
should be 
neutralized 
with ammonia; 
a yellow 
predpitate 
will indicate 
the presence of 
Platinum. 



Perfect solution indicates the 

presence of 

Tin. or Antimony. 



add a drop or two of nitric 
add, or a crystal of chlorate 
of potasdum ; cool, and add ' 
excess of solution of sesqni- 
carbonate of ammonium : 
the formation of a predpitate 
insoluble in excess indicates 



the presence of The solution 



Tin. 
This should be 
yerified by re- 
ducing this 
predpitate by 
fusion with 
cyanide of 
potasdum, . 
dissolying the 
washed metal 
iin hydrochloric 
ado, and test- 
ing it with pro- 
tocbloride of 
mercury: a 
white or grey 
predpitate 
indicates 
Tin. 



may contain 

Antimony. 

Pass hydro- 

sulphuric add 

gas into it, 

and then 

addify with 

hydrochloric 

add: a 

reddish-orange 

predpitate 

indicates the 

presence of 

Antimony. 
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TABLE OF 
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Chloride 

Iodide 

Cyanide 

ChroxDAte 

Hydrate 

Oxide 

Oxychloride ... 

Sulphide 

Sulphate 

Carbonate 

Oxalate 

Ferrocyanide... 
Ferricyanide . . . 
Phosphate 



SlL 

(Stennoiu HdU.) 



(see page 192) (see page 196)(see page 204) (see page 207) 



r yellowish 1 
\ white J 

# 

{Vellowish 1 
white ; 

white 
olire 

white 

{brownish 1 
black ; 



r white cry- 
\ stalline 

white 
white 
white 



} 



Sn. 

(Stannic nlU.) 



orange 

* 
yellow 
"white 
white 

yellow 



{ 



brownish 1 
yellow J 



white 



(AntimoDiom 

nits.) 



{ 



brownish 1 
yellow J 

4- 

white 

white 

orange-red 

white 

white 
white 

white 



Sb. 

(AatJmoDJeiatei) 



{ 



white 
white 

orange- 1 
yellow / 



Blowpipb 
Bbactions. 



With carbonate of sodium 
in the reducing flame (on 
charcoal), stainnous and 
stannic salts yield a mal- 
leable globule of tin. The 
incrustation on the char- 
coal is white. 



With carbonate of sodium 
in the reducing flame (on 
charcoal^, antimonious and 
antimomo salts yield a 
brittle globule of anti> 
mony, and a bluish white 
incrustation. 



* Signifies that a precipitation occurs, but not 
4. Signifies that the precipitate which is formed oonsista of 
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As. 

AxMoious Mhi.} 



(see page 215) 



As. 

(Anenic Mlta.) 
(see page 218) 



white 



yeUow 



white 



yellow 



Pt 

(PkCiiiie nits.) 

(see page 222) 



brown 

? 

deep red 

black 



{ 



brownish I 
bhick ; 



Ail 

(Auric udto.) 
(see page 234) 



{ 



green 
yellow 



reddish 1 
yellow J 

brown 



blaok 



-j^ 



■^ 



Arsenions and arsenic salts, when 
heated to redness on charcoal, in 
the redndng flame, emit a cha- 
racteristic garUc odour, and, when 
heated in a tube ^osed at one end) 
with a miKtare of carbonate of so- 
dium and charcoal, giTc a black 
Instrooa mirror. (See page 210.) 



The metal is 

reduced, and 

appears as a black 

or grey powder, 

wlwn platinum 

salts are heated 

with carbonate of 

sodium (or alone) 

in either flame. 



The metal is 
reduced, and 
appears as a 

malleableglobule, 
if asuflusient 

temperature has 
been attained. 



of the salt indicated in the horiaontal oolumn. 

the salt indicated in the horiiontal column nest below. 
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CHAPTER VIL 

DETECTION OF THE ACID-RADICALS IN THEIR 

COMPOUNDS. 

The reactions of the basic radicals having been folly described in 
the preceding Chapter, the student may now acquaint himself 
with the tests by the application of which the presence or ab- 
sence of the acid-radicals is determined. 

The slightest consideration wiU show that, to a great extent, 
the same means which serve for the detection of the basic con- 
stituents of salts vnll also be available for the recognition of their 
acid-radical ; for it is obvious that, if a soluble chloride produces 
a white, curdy, insoluble precipitate in solutions of silver salts, 
a solution of a silver salt will prove an equally certain test 
for the presence of a soluble chloride. Still, owing to the nu- 
merous broad distinctions, physical and chemical, which exist 
between the two classes of radicals themselves, other means of 
no less decisive nature are at hand in abundance, by the employ- 
ment of which, the class and also the individual characteristics of 
the add constituent present in any given salt can be determined. 

A few remarks upon each of these methods of testing may not 
be out of place as an introduction to the present Chapter. And, 
firstiy,— 0/ the deteeHon of the add-radieal by the formathn of 
certain saline compounds of well-defined chemical or physical prO'* 
perties. As just now stated, a very large number of salts (easily 
recognizable by such characteristics as the following, — solubility 
in certain menstrua and insolubility in others, or insolubility in 
aU, or again, the possession of some remarkable features of form 
or colour) are employed in common, as the products by the for- 
mation of which the presence either of the basic or of the acid- 
radical contained in them can be safely predicated. 

Thus chloroplatinic acid (HPtCl,)) osoally employed as the test for the 
presence of potassium, may itself be recognised by the employment, as a 
reagent, of a soluble salt of potassium. Sulphuric add, often employed to 
detect the presence of barium, may itself be recognized in&Uibly by a solable 
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barium lalt. The pre0eiioe of mercuiy in a solution may be eridenoed by 

the action of a soluble chromate, whidi, in its turn, may be recognized by 

a meroury salt. Lead may be detected by hydroeulphuric add, and hydro- 

solphnric add by lead. By these instances it may therefore be seen, that the 

same reaction differently applied may be used to indicate both a basic and 

an add-radical. Nor, be it obserred, is it neoessaiy that the hydrogen salt 

of the add*radical be employed ; in almost every instance (as in the third 

of the examples just giyen), any salt will be as efficient as the add itself or 

salt of hydrogen, proTided only it be soluble : thus, in the cases dted aboTe, 

diloroplatinate of sodium is as good a predpitant as chloroplatinate of 

hydrogen, t. e, chloroplatinic add ; the sulphides and sulphates of potassium, 

sodium, and anmionium act equally well with the adds themaelyee, t. e. the 

corresponding salts of hydrogen, tiie hydrosulphuric and sulphuric adds. 

And indeed it frequently happens that the desired reaction does not take 

place when the add is employed, but only upon the addition of some other 

than the hydrogen salt; the reason of this may be stated to consist in this, — 

that the hydrogen compound or add liberated at the time of the formation 

of the new compound, dther keeps that compound completely in solution, or 

prevents its entire predpitation. Thus, if hydrosulphuric add (H, S) be 

added to ferrous chloride (FeCl), no sulphide of iron (Fe^ 8) falls, since this 

fSsRous sulphide is soluble in hydrochloric add, the necessary complementary 

product of the reaction. But if, on the other hand, a soluble sulphide, such 

as the sulphide of potasnum, sodium, ammonium, barium, strontium, or 

oaldum, be added to ferrous chloride, an immediate predpitation of ferrous 

sulphide occurs ; for it is no longer the chloride of hydrogen^ i. e. hydro- 

efalorio add, which forms the secondary product of the reaction, but the 

chloride of a far more powerfully bade radical, a chloride therefore which 

exerts no decompodng or solvent action on the ferrous sulphide : in this case 

the reaction is as follows : — 

Ka S+2PeCl=Fea S+2KC1. 
ptedp. 

Occasionally, as the student will have already observed in the 
reactions employed to detect the basiG radicals, the recognition of 
sabstanoes does not depend upon the formation of a salt of ex- 
treme insolubility, or of remarkable physical features of form or 
colour, but upon the production of a body which is readily vola- 
tUizable, andjpoesessed of an easily recognized odour. 

The detection of the bade radical ammonium depends upon a decomposi- 
tion of this kind, which the following equation will recall : — 

NH4 CH-KHO=NH^ HO+Xa. 
In this case the hydrate of ammonium is resolved immediatdy into the gas 
mmmnniA (NH,) and Water (H, O) ; and ammonia is remarkable for a peculiar 

M 5 
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and pungent odour. Upon a nmslar fbrmalaon of an odoroua and Tolalik 
body depends, in great measure, the reoognition of the presenee of the aoetio 
acid-radioal. To the substanoe supposed to be or oontain an acetate, sul- 
phuric add and alcohol (C, H, HO) are added, and the mixture heated. The 
former reagent will produce, with an acetate, acetic add (t. «. acetate of hy- 
drogen) (HC, H3 O3 or HA); and this, acting in the noMctnt state on the 
alcohol or hydrate of ethyle (O, Hg HO, or EHO), yields a fragrant body, the 
acetate of ethyle, thus — 

HA+BHO=H,0-hEi 

fteetoteof 
ethyle. 

The acetate of ethyle, or acetic efther, is Yolatiliied at the tempentore em- 
ployed, and, possessing a most peculiar and agreeable fruity odour, is eaaily 
identified. 

We win now conflider briefly the second method of detecting 
acid-radicals, by ^ octuoZ diminatian of ihe tuid^cuiieal itgelf, 
and the mbsequent identification of its peculiar properties. And 
here it must be borne in mind, that a great distinction must 
necessarily exist between the behaviour of the add- and basic 
radicals, simply on account of their inherent nature. The basic 
radicals with which the student has been made acquainted, and 
which occur in great abundance, are (with a few exceptions) 
elements, and, moreover, they are all (ammonium, mercury, and 
hydrogen only excepted) solid at the ordinary temperature. On 
the other hand, however, more than half of the add-radicals of 
common occurrence, and almost all the rarer ones, are compound 
bodies, which are characterized by great diversity of physical 
condition, several being gaseous, some liquid, and otheis solid. 
The &ct of a body being compound firequentiy adds to our fiBuali- 
ties of recognizing it ; for, in addition to any peculiarities which 
it may exhibit as a compound, we have other dues to its pre- 
sence in the characteristic properties which its constituents may 
individually manifest when, by its decomposition, they have been 
set free. In fact, those acid-radicals which are complex cannot, 
with but few exceptions, be obtained in the isolated condition, 
but are resolved either into other and generally simpler com- 
poimds, or into their elementary constituents. Whilst, therefore, 
we indubitably prove the presence of an elementary acid-radical by 
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obtaming it in the free state and ftT^jmining its properties, we no 
leas distinctly show the existence of a componnd acid-radical 
when we observe some of the well-ascertained features of the 
decomposition which it undergoes when liberated. 

To illmftrate the foregoing casoB, we will take two examples. When ofalorine 
acts npon a bromide, decomposition ensues, with separation of the element 
bromine, the peculiar features of which, such as the yellow colour which it 
imparts to a solvent, or the onmge tint which starch-paper exposed to its 
▼apour aflsomes, or its peculiar suffocating odour, may be immediately re- 
CQgniwd-— 

MBr+a=Ma+Br. 

Bat if, on the oGaer hand, we deal not with an elementary, but with a com- 
pound aoid-radical,- such as that existing in the oxalates, by treating the salt 
in such a manner as to decompose it into new and characteristic products, 
the latter frequently ixmush us with good proof of the previous existence of 
the compound acid-radicaL These products, in the case of the oxalates, are 
the two gases carbonic anhydride (CO,) and carbonic oxide (CO) ; and they 
are obtained by the action of sulphuric acid upon oxalates, the decomposition 
being aided by heat, thus — 

MaCaO^+2H3S04=Ma804-|-B[jSO., H»0+CO,-|-CO. 

hydnte or milnluirle 
add. 

The more easily reoognixahle gaseous product, or at least the more charao- 
tetistio, is carbonic oxide (CO), which, when the carbonic anhydride (CO,) 
has been removed by an appropriate agent, may be readily kindled on the 
application of a light, burning with a blue flame. 

The preceding hints will perhaps suffice to show the general 
principles upon which the detection of acid-radicals is based, and 
to exhibit the chief points in which their reactions resemble, and 
also those in which they differ from the reactions of the basic 
radicals. We now proceed to detail these reactions, adopting the 
subdivisions which have already been chosen iu the description 
of the add elements. The classification of the acid-radicals is 
thus entirely founded upon the chemical characters of each group, 
and not upon their similarity in an analytical point of view. 

1. Salts containing the add-radicals of Subdivision I. (page 17). 

Salts of CHLosnrE, Bboicdte, loBnnB, Am> Flvobise, Ain> op 
THE cnnsF ooMPOtnri) AdD-iuBicALS nrro the covposiTioir 

OF WHICH THET ENTEB. 



252 CHEMICAL SBACnOKS. 

2. Salts containing the acid-radicals of Subdivision 11. (p. 18). 
Salts op Oxygen, Sulphtje, SsLEininc, akd Tellubitm, aitd 

OF THE CHIEF COlCPOUin) ACID-BADICALS DTTO THE COMPOSI- 
TION OP WHICH THET ENTEB. 

3. Salts containing the acid-iadicals of Subdivision m. 
(p. 18). 

Salts op Carbon, Bobon, Silicon, Tantalum, Niobium, 
Felopium, and Titanium, and op the chief compound 
acm-babicals into the composition of which thet enteb. 

4. Salts containing the acid-radicals of Subdivision lY. 
(p. 18). 

Salts op Nitbooen, Phosphobus, Absenic, and Antimokt, 
Ain) OF THE compound acid-badicals into the composition 

OF which THET ENTEB. 

SUBDIVISION I. 

SALTS OF CHLORINE, BROMINE, IODINE, AND FLUO- 
RINE, AND OF THE CHIEF COMPOUND ACID-RADI. 
CALS INTO THE OOMPOSFTION OF WHICH THEY 
ENTER. 

The three first-named members of this Subdivision present the 
most striking resemblance to each other, both in the salts which 
they form by simple union with the basic radicals, and also in 
those in which they exist as a part only of a compound add* 
radical. Fluoiine differs in many respects, and in none more 
decisively than in not forming compound add-radicals similar to 
those which the other members of the group are known to yield. 

In the further arrangement of the present Subdivision, as aJBo 
in the airrangement of those which follow, we take advantage of 
the differing chemical constitution of the members, and not of any 
analytical characteristics which they may present. In accord- 
ance with this plan, we now proceed to divide the present group 
into three Sections, as follows : — 
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Sacnov I.-aALTS OF CHLOBINB, BBOMINE, lODINB, AND 
FLUORINE. 

The ohlorides, bromidesy iodides, and fluorides. 

SBonoH n.--SALTS OF THE ACID-BADICAI^ WHICH CONTAIN 
CHLORINE, BROMINB, AND IODINE COMBINED WITH 
OXYGEN. 

The hypochlorites, chlorites, chlorates, perchlorates, hypo- 
bromites, bromates, iodites, iodates, and periodates. 

Section IIL— SALTS OF THE ACID-BADICAM WHICH CONTAIN 
CHLORINE, BROMINE, AND IODINE COMBnTBD WITH 
METALS. 

The chloropalladiates, chloroplatinates, (Mororhodiatee, chloro- 
rutheniates, chloriridiates, and chloiaorates. 

Secttoit I. — TTie chhrides, bromides, iodides, and fiv/yrides, 

SAI/rS OF CHLORINE, BROMINE, IODINE, AND FLUORINE. 

The radicals of this Section are monobasic, and when com- 
bining with monatomic basic radicals yield componnds having the 
general formula MR. They are detected by both the methods 
described in the preliminary observations to the present Chapter, 
i, e. both by presenting to a soluble chloride, bromide, iodide, or 
fluoride a soluble salt of some banc radical known to form, with 
the add element sought for, an insoluble salt of easily recognis- 
able properties, — and also by submitting the chloride, bromide, 
or iodide to such decomposing influences as are calculated to 
eliminate their acid-radical. 

SALTS OF CHLOBINB, OB CHLOBIDES. 

These salts are for the most part soluble in water, sparingly 
soluble in alcohol, and nearly insoluble in ether. Their formulas 
vary according to the atomic nature of the combined basic con- 
stituent ; but the following are the most usual : — 

M,C1, MCI, M,C1„ MO,, and MO,. 

mien heated before the blowpipe on charcoal, the deportment 
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of chlorides differs accordiiig to the nature of die combined basic 
radical: if the metal belongs to SubdiTision L, the compoimd 
fdses, and sLnks into the charcoal ; if to Snbdivision II., it fuses 
and generally remains as a molten mass upon the charcoal : the 
chloride of magnesium is the exception here ; for, as it cannot 
exist in the presence of aqueous yaponr, it suffers decomposi- 
tion, and leaves a white residae of oxide. Some of the remaining 
chlorides, such as those of silyer and lead, fuse without change ; 
others again, as those of tin, antimony, and arsenic, volatilize, 
whilst others, such as those of platinum and gold, decompose into 
chlorine and the metal. 

If a bead of microcoamic salt be fused upon a platinum wire, 
and cupric oxide (Ou^O) added to it untill the bead is saturated, if 
a chloride be then introduced, and the bead submitted to the heat 
of the blowpipe jet, a Hue colour wiU he imparted to the flame. 

The Htdbogeit Salt (Hd), or hydrochloric acid, is a trans- 
parent colourless gas at ordinary temperatures, which, at 45^-3 C, 
and under the pressure of 40 atmospheres, becomes a colouriess 
liquid, highly dispersive of light. 1 volume of water dissolves 
480 volumes of the gas. 

The principal insoluble salts of this acid-radical are — as the 
student will readily recollect — the cuprous, argentic, plumbic, 
mereurous, and platinous chlorides. 

The Cxtpbous Salt is produced by the action of a soluble cuprio 
salt on a solution of stannous chloride. Its formula is Cu^CSL It 
is insoluble in water, but soluble in most acids. 

The Argentic or Silver Salt is produced by the action of a 
soluble silver salt on hydrochloric acid or any other soluble 
chloride : it is a white curdy precipitate, which assumes a grey 
tinge on exposure to light. 

Its formula is AgCl. 

It is insoluble in water, soluble to a slight extent in solutionB 
of certain chlorides and in concentrated acids, and easily dissolves 
in hydrate of ammonium, in cyanide of potassium, and in hypo>- 
sulphite of sodium. 

The Hebcttbous Salt is produced by the action of a soluble 
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mereorouB salt {e.g. mercuioiui nitrate [Hg,NO,]) on hydro- 
ehlorio add, or a soluble chloride. It is a dense white precipi- 
tate. Its formula is Hg,Cl. It is bat slightly soluble in water. 
Teb Lbaj) Salt is produced by the action of a soluble lead salt 
on hydrochloric add or any soluble chloride. It is a white cry- 
stalline predpitate. Its formula is FbCl. It is dissolved by a 
large quantity of cold water, but is soluble in a much smaller 
amount of boiling water. 

The platinooB and other madoble rfiloridm are not anployed in terting 
for chlorine. 

Many of the wwnaining ohloridee are adnble either in water or in dilate 
hydrodiloric acid. 

The other methods by which this add-radical is identified are 

the following : — 

a. Concentrated sulphuric add and peroxide of manganese 

(MjXiO,) are added to a chloride, and the mixture warmed: the 

sulphuric add liberates hydrochloric add — 

2Mna+H3 S0^=2HCH-Mn, SO, ; 

the peroxide then acts upon the hydrodiloric acid — ^^.^^^ 

4Ha+Mn,0,=2MnCl+2H,0+2CL 

It is beli07ed that Uebloride of mangaiMwe (MnCl,) is fint formed, and 
then deoompoeed into the protoohloride (Knd) and free chlorine. 

The free chlorine thus produced is recognized by its odour and 
bleaching properties, while it is distinguished £rom bromine and 
iodine by the absence of any coloured reaction with starch. 

p. When 1 part of duromate of potaadum and 3 parts of dl 
vitriol are mixed with 1 part of the supposed chloride, and the 
resulting pasty liquid heated in a tesUtube, to which a dry cork 
and bent tube have been fitted, the other end of the bent tube 
dipping into a test-tube free from any trace of water, and kept 
cool, a hlood-red liqtdd distils over, to which the name chhro- 
chfvmie add, and the formula CrCl,, Gr,0„ have been given : — 
•3KCrO,+3NaCl-f 3H,S0,«Ci€l„ Cr,0,+3KKaSO,-|-3H,0. 

* Poeeibly this reaction is more simple, — 

KCrOa+Nad+H, S04=CrO a+KNaSO^+H, O. 
In this oase the product usually termed ohloroohromio acid might he con- 
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If to this red diBtiUate a few drops of ammonia- water are added, 

a yellow liquid is obtained, which is a solution of chromate and 

ehloiide of ammonium, — 

CrCa,, Cr,03+6NH, HO=.3NH,Ca+3NH,CrO,+3H,0 ; 

and if into this solution, after the addition of a slight excess of 

acetic add, a few drops of nitrate of silver be introduced, a bean- 

tifol crimson precipitate will be obtained, thus — 

NH,CrO,+ AgNOjsNH^ N0,+ AgCrOa. 

crimMnippt. 

SALTS OF BBOKDTE, OK BBOXIDSB. 

The bromides bear the closest resemblance to the chlorides ; 
they are isomorphous with them. They are for the most part 
soluble in water, but sparingly soluble in alcohol, and nearly 
insoluble in ether. Bromine is monobasic ; but when combined 
with biatomic add-radicals, it yields salts haying the formulae 
already given as those of the various chlorides. 

Heated before the blowpipe on charcoal, the bromides exhibit 
the same deportment as the corresponding chlorides. They colour 
the flame green when fused with a bead of microcosmic salt satu- 
rated with cupric oxide. 

Thb Hydboobn Salt (HBr), or hydrobromic acid, is a trans- 
parent colourless gas at ordinary temperatures, which, how- 
ever, liquefies at 33^*3 C, and solidifies at — 37°*7. Hydro- 
bromic add is very soluble in water, the solution possessing the 
property of dissolving a large quantity of bromine, forming a red 
liquid. 

The insoluble bromides are those which contain the same basic 
radicals as the insoluble chlorides, viz. the cuprous, argentic, 
mercurous, and plumbic bromides. The pUtinous bromide is 
unknown. 

ddered the chloride of a compound baaic radical ehromyle (CrO), thus 
CrO, CI. The reaction of this body with hydrate of ammonium will be thus 
expresBed in an equation : — 

CrO, C1+2NH, HO=NH^ a+NH^ CrOa+HaO. 
3(CrO,a)=:CrCl„ Cr, O,. 
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Thb CiTFBOTre Salt is obtained by the action of a solution of a 
caprous salt on a soluble bromide. It is a white precipitate. Its 
formula is Gu,Br. It is insoluble in water^ but soluble in 
hydrate of ammonium^ and in hydrochloric and hydrobromic 
acids. In nitric acid it dissolves with decomposition ; but boiling 
sulphuric add does not decompose it. 

The Argentio or Sihrer Salt is produced by the action of a 
soluble silver salt on hydrobromic add or other soluble bromides. 
It may also be obtained by adding the silver solution very cau- 
tiously to a mixture of hydrochloric and hydrobromic adds, when 
the bromide is first removed from the solution. It is a yel- 
lowish white curdy predpitate. 

Its formula is AgBr. 

It is slowly dissolved (but in considerable proportion) by a 
concentrated solution of ammonia ; it is but very slightly soluble in 
other ammonium salts ; it dissolves, however, to some extent in 
a boiling solution of chloride of ammonium. It is slightly soluble 
in a concentrated solution of an alkaline bromide ; and when boiled 
with an alkaline iodide, it is wholly converted into iodide of silver 
(Agl). Bromide of silver dissolves slightly in concentrated hydro- 
chloric or hydrobromic add ; boiling nitric add has no decompos- 
ing action on it, but boiling sulphuric add alters it slightly. 

Thb Mxbcubovb Salt Ib obtained by the action of a soluble 
mereurous salt (e. g. Hg, NO,) on a soluble bromide : it is a yel- 
lowish white predpitate. Its formula is Hg, Br. It is insoluble 
in ammonium salts, but, on ebullition with some of them, under- 
goes decompodtion into mercuric bromide and mercury. 

Thb Lead Salt is obtained by addiog a soluble lead salt to 
hydrobromic add or other soluble bromide. Its formula is 
PbBr. It is soluble in solutions of some ammonium salts, espe- 
cially on warming ; it is almost insoluble in cold water, and but 
sparingly soluble in hot. It is somewhat more soluble in dilute 
adds. 

The other inaoluble bromideB are not employed in testing for bromine. 
Many of the remaining bromidee are Bolable either in water or in hydro- 
bromic add. 



I 
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The other methods by means of which this acid-radical is 
identified are the following : — 

a. Bromine is readily distingiiished by the properties which it 
possesses: it is eliminated firom the bromides just as chlorine 
from the chlorides, by the joint action of snlphniic add and bin- 
oxide of manganese. A remarkable peculiarity, however, belongs 
to the combinations of this substance with salt-radicals when 
they are treated with sulphuric acid, which, whether dilute or 
concentrated, when acting npon chlorides, liberates hydrochlorie 
add only ; but with the bromides the reaction varies with the 
strength of the add employed : if the add be weak, hydrobromic 
add is set free, just as in the case of the chlorides — 

2MBr+B; S0,=2H:Br-hM, SO, ; 
bat if the add be concentrated, the hydrobromic add, which we 1 
may suppose to be first produced, is decomposed by a portion of 
the sulphuric add, with formation of sulphurous add and sepa- 
ration of bromine, thus — 

2MBr+2H, S0,=2Br+H,0+H, SO,+M, SO,. 
This IB by no means the only method of liberating bromine ; for 
this element is set free equally well when chlorine gas is passed 
(not in excess) into the solution of a bromide, or when to the 
latter a few drops of concentrated nitric add are added : in the 
first case the bromine is set free by its place being occupied by 
the chlorine; in the second process by a reaction dmilar to 
that exercised by sulphuric add, given above in the form of an 
equation. The tests for the detection of bromine have been 
already given (p. 21), but may be here advantageously reca- 
pitulated. 

Beddes its peculiar odour (which is very suffocating and of- 
fendve) and its bleadung properties, the colour of liquid and of 
gaseous bromine (a colour which it imparts to solvents) may be 
applied for its recognition, in the following manner : — 

1. Some chlorine water is added to the solution of the bro- 
mide ; the bromine is liberated, and dissolves in the water pre- 
sent, imparting to it a yellow colour. To the coloured solution 
enough ether is now added to form a distinct stratum upon the 
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mu&ce of the liquid, and the whole shaken in a narrow vessel, 
and then allowed to rest in order to admit of the ether rising 
to the surface and forming a layer there. This will oontaln all 
the free bromine of the solution, dissolved in it in virtue of 
the greater solubility of bromine in ether than in water ; and its 
oolour will vary from a pdU yeUow to a de^^ orange, according 
to the proportion of bromine present. The chlorine water in 
this experiment must be added cautiously; but if, after one 
treatment as above described, and separation of the etherial 
hLjeTy the solution should still give a yellow colour with chlo- 
rine, the shaking with ether, &c. may be again repeated if it is 
desired to effect a perfect separation of the bromine. The etherial 
solution is shaken with a few drops of hydrate of potassium 
sdhition; evaporated to dryness; and then the ignition of the 
residue will give rise to the formation of bromide of potassium. 
Ptevioualy to the ignition, bromate of potassium would be present 
in addition: 

6Br + 6KHO«5KBr+KBrO,+3H,0. 
bromide hromate 
ofpotas. ofpotas. 

2. The starch-test is a good method of distinguishing bromine, 
as well as iodine, from chlorine. When bromine-vapour is al- 
lowed to come into contact with starch paste (as by introducing 
a glass rod smeared with this substance into a test-tube in which 
bromine vapour is being disengaged), a yellow colour is produced 
if that add-radical be present in minute quantity, or, if in larger 
proportion, a rich orange tint. Or the test may be applied by 
mixing the bromide with some starch paste in a porcelain dish, 
wanning the mixture over the lamp, and dropping into its centre 
one drop of concentrated nitric add : the liberated bromine im- 
mediately colours the starch. 

(3. When a bromide is distilled with chromate or bichromate 
of potassium and sulphuric acid, a brown distillate passes over 
(p. 255), which dissolves in hydrate of ammonium, forming a 
colourless solution, which is precipitated white by nitrate of 
silver : tb i« distillate is only bromine set free by the action of the 
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snlphiiric acid on the bromide ; for there is no bromochromic 
acid known. 

SALTS OF lODDnSy OS lOBIDSS. 

The iodides present the closest analogy with the bromides and 
chloiideSy with which they are, for the most part, isomorphons. 
A large number of them are soluble m water ; a few, chiefly those 
of Subdivisions I. and 11., somewhat soluble in alcohol ; but nearly 
all are insoluble in ether. 

Heated before the blowpipe on charcoal, the iodides behave in 
a similar manner to the corresponding bromides. They colour 
the flame of a fine green colour when fbsed with a bead of mi- 
crocosmic salt saturated with cupric oxide. 

The Htbbooen Salt (HI), or hydriodio acid, is a transparent 
colourless gas at ordinary temperatures, which, however, liquefies 
with cold, and solidifies at about —51° C. It is very soluble in 
water, the solution possessing the property of dissolving some 
quantity of iodine, forming a brown solution. 

The chief iodides possessing remarkable features are the cu- 
prous, argentic, plumbic, mercurous, mercuric, bismuthic, and 
palladious salts. The platinous iodide is also insoluble. 

The CtTPSous Salt is produced by the action of a soluble 
cuprous salt on a solution of an iodide. The cuprous salt em- 
ployed is often prepared extemporaneously, by adding to a solu- 
tion of the cupric salt sulphurous acid or ferrous sulphate, before 
mixing it with the iodide: the ferrous sulphate is most fre- 
quently employed for this purpose, and acts as follows : — 

2Cu, S0,+2re, SO,=((X), SO,+(Fe,), (SO,).. 
The cuprous iodide is a white precipitate, wi& a tinge of 
brown. Its formula is Cu, I. It is slightly soluble in hydro- 
chloric acid ; but when heated with nitric or sulphuric add, it is 
completely decomposed, with evolution of iodine. 

Ilie Argentic or Bilyer Salt is produced by the action of a 
soluble silver salt on the solution of hydriodic add or of a soluble 
iodide. It is a pale yellow predpitate. 

Its formula is Agl. 
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It is soluble to a considerable extent in concentrated solntLons 
of chloride of potassinm or ammonium, also in conoentiated so- 
lutions of mercuric nitrate. It is scarcely soluble in concentrated 
hydrate of ammonium solution, 1 part requiring 2610 parts of 
the strongest ammonia-water to dissolye it. Dilute adds are 
without action on it ; but concentrated nitric and sulphuric acids 
dissolve it with separation of a small proportion of iodine. 

Thb HsBcuBOTrs Salt is produced by the action of a soluble 
mercurous salt on hydriodic acid or a soluble iodide ; but the 
salts should be mixed in equivalent proportions, to obtain a pre- 
cipitate £ree from metallic mercury or a mercuric salt. Mer- 
curous iodide is a green precipitate. Its formula is Hg, I. It 
dissolves partially in concentrated solutions of most soluble 
iodides, and in hydriodic acid ; but it is decomposed into mercuric 
iodide and mercury by the action of the reagents just mentioned, 
— ^by certain chlorides and by hydrochloric add. It dissolves in 
about 2375 parts of water, but is insoluble in alcohol. 

The KCercuric Salt is produced by the action of a soluble 
mercuric salt on hydriodic add or a soluble iodide ; the addition 
of equivalents of the iodide and of the mercuric salt causes a 
perfect predpitation. It is a magmfioent scarlet crystalline 
predpitate, which, when it begins to form, has a bright yellow 
tint. 

Its formula is Hgl. 

It is very soluble in the alkaline iodides and chlorides, also 
in many ammonium salts; in most mercuric salts it is also 
very soluble. In water and ether it dissolves sparingly, but 
more abundantly in hot alcohol. It is soluble in hydriodic and 
hydrochloric adds. 

The Lead Salt is obtained by the action of a soluble lead salt 
upon hydriodic add or a soluble iodide. It ia an orange-yellow 
crystalline precipitate. 

Its formula is Pbl. 

It dissolves in concentrated solutions of most soluble iodides, 
also in chloride of ammonium, but not in other ammonium salts. 
1 part dissolves in 1285 parts of cold, and ia ld4 parts of 
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boiling water^ and may thus be purified from tbe ozyiodide, 
which \b insoluble in water; it is slightly soluble in alcohoL 
Acids exert a slight decomposing influence upon it. 

The BismTTH Salt is produced by the action of a soluble salt 
of bismuth on a solution of a soluble iodide. It is a brown cry- 
stalline precipitate. Its formula is Bil,. 

The PaUadious Salt is obtained by the action of paUadiona 
chloride on hydriodic acid or a soluble iodide. 

Its formula is Fdl. 

It is insoluble in water, alcohol, ether, and hydriodic add. 

The other iiuolable iodides are not employed in testing for iodine. 
Many of the remaining iodides are soluble in water or in hydriodic aoid. 

The recognition of iodides by the separation of their aoid- 
radical, is eyen more easy and certain than the detection of 
bromides by similar means. Iodine is liberated just as chlorine 
and bromine by the conjoint action of sulphuric add and bin- 
oxide of manganese; but iodides differ from chlorides, and re- 
semble bromides, in the elimination of their add constituents by 
the action of concentrated sulphuric add employed without the 
addition of binoxide of manganese. 

a. Iodine, by whatever method liberated, may be recognized 
by the properties which have been already stated as belonging 
to this acid-radical (p. 22). 

1. Not only by its characteristic odour may this element be 
detected, but, if it be present in some quantity in the substance 
under examination, it may be recognized by its separation in 
minute bluish black ciystals when strong sulphuric add is added 
to the aqueous solution of an iodide. If this solution become 
very hot on the addition of the add, or if it be afterwards heated 
over the lamp, the beautiful rich violet-coloured vapour of iodine 
will float over the*8ur&ce of the liquid, and gradually condenae 
upon cooler parts of the test-tube in glistening crystals of a 
bluish black. If chlorine (not in excess) be passed into tlie 
aqueous solution of an iodide, and a little ether (or, better, ben* 
zole) be shaken up with the mixture, the ether or benzole wiU 
carry up the whole of the free iodine present to the sur&oe of the 
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liquid^ and appear there, after standing, as a red or beautiM 
▼iolet-oolonred stratum. The iodine may then be oonverted into 
iodide of potassium, and tested with nitrate of silver in the usual 
manner. 

2. The stareh-test is as good a test for iodine as for bromine, 
and perhaps more delicate. If a glass rod which has been 
dipped in starch paste be immersed into a tube containing the 
yiolet vapour of iodine, a blue colour will be produced, which 
passes into a black if much iodine be present. The same effect is 
arrived at hy dissolving a small quantity of an iodide in water, 
adding a little starch paste, then a drop or two of pure sul- 
phuric acid, and lastly a very minute trace of nitrous acid, 
or of a soluble nitrite (#. g. nitrite of potassium KNO,), or eke 
a very small quantity of chlorine water. 

/3. When an iodide is distilled with bichromate of potassium 
and sulphuric add, no iodochromic acid is obtained, vapours of 
iodine only being evolved. 

SALTS OF FLTrOBnrB, OB FLITOBISES. 

This acid-radical never having been isolated, the precise 
analogies which it may present to the three preceding elements 
are unknown ; its salts have, however, some features in common 
with the chlorides, bromides, and iodides, although presenting 
also many points of difference. The salts of fluorine are often 
isomorphous with these last-named salts, crystallizing generally 
in the regular system. 

Heated upon charcoal, many of the fluorides fuse, but without 
suffering decomposition. They impart no colour to the blow- 
pipe flame when added to a bead of microcosmic salt saturated 
with cupric oxide. 

The perfectly dry HrDBoasir Salt of fluorine (HF), or hy- 
drofluoric acid, is beHeved to be a transparent colourless gas 
under ordiiiary conditions, and to have no action on glass, &c, ; 
but, as usually obtained in the form of an aqueous solution, 
hydrofluoric acid is remarkable as one of the most powerful 
solvents known, dissolving such bodies as the silicic, titanic, 
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molybdic^ and tungstic anhydiideSy which are quite unattacked 
by all other acids. 

Flaoiides vary considerably as to their solubility in water. 
The fluorides of the first subdivision are soluble; those of the 
second subdivision insoluble, thus exhibiting a remai^ble con- 
trast with the chlorides, bromides, and iodides of the same 
group of metals. Most of the other protojhunides (MF) are 
iosoluble, or but sparingly soluble in water, though slightly 
more soluble in aqueous hydrofluoric add; they are ofl;en re- 
solved by excess of water, or on the application of heat, into 
oxyfluorides. The sesqui-, bi-, and terfluorides are veiy so- 
luble: the terfluoride of antimony, unlike the corresponding 
chloride, bromide, and iodide, is not decomposed by water with 
formation of the oxyfluoride. 

Since the fluorides of the second subdivision of the basic 
radicals are insoluble, fluorine may be recognized by the for- 
mation of these salts, as also by that of the cuprous and plumbic 
fluorides. 

The Barium Salt is produced by the action of a soluble barium 
salt upon hydrofluoric add or a soluble fluoride : it is a white 
predpitate. 

Its composition is BaF. 

It is insoluble in water, but readily dissolves in hydrochloric, 
hydrofluoric, or nitric acid. 

The SrsoNTixru Salt is produced by the action of a soluble 
strontium salt upon a solution of a fluoride : it is a white pred- 
pitate, insoluble in water and most adds. 

The Caldum Salt is produced by adding a soluble caldum 
salt to hydrofluoric add or a soluble fluoride: it is generally 
a mere gelatinous precipitate, hardly perceptible; but on the 
addition of a little hydrate of ammonium, it becomes more visible. 

Its composition is CaF. 

This predpitate ib somewhat soluble in solutions of ammonium 
salts; it is almost insoluble in water or in hydrofluoric acid, 
sparingly soluble in cold hydrochloric or nitric add, but more 
soluble in these acids when hot. 
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The MAemBBnnc Salt is produced by the action of a soluble 
magnesiuin salt on solutions of fluorides: it is a white pre- 
dpitatey nearly insoluble in water and acids. 

Thb Cufbous Salt appears to be insoluble both in water and 
in hydrofluoric add, but soluble in strong hydrochloric add, 

The Silyek Salt is soluble. 

The Lead Salt is produced by the action of soluble lead salts 
upon hydrofluoric add or a soluble fluoride : it is a white pre- 
dpitate, which easily fdses into a thick yellow liquid. Its for- 
mula is PbF. It is but slightly soluble in water or hydro- 
fluoric add, more abundantly in hydrochloric or nitric add. 

The Mebcuboits Salt is not produced by the action of soluble 
mercurous salts upon solutions of fluorides, but only by sublimation. 

Tedb Mebcubic Salt is soluble. 

The BisMiTTH Salt appears to be soluble. 

The Platdtottb and PALLADiors Salts are not known. 

The other inaoliible salts ue not employed in testing for fluorine. 
ICany of the remaining fluorine salts are soluble in water. 

Although the isolation of fluorine cannot be accomplished, we 
are at no loss for a method of recognizing this elementary salt- 
radical, on account of the very remarkable affinity which it pos- 
sesses for silicon ; this fftct is taken advantage of in two ways :— 

1. In the etching test. A soluble or insoluble fluoride is placed 
in the dry state in a platinum capsule. A watch-glass is then 
taken to serve as a cover ; a little wax is mdted in it, and al- 
lowed to nm over every part, and through tlus coating a device is 
scratched with a wooden point, so as to expose the glass beneath. 
Several drops of strong sulphuric acid are then poured into the 
capsule, which is closed immediately afterwards with the coated 
glass, and then gently warmed, taking care not to melt the wax. 
The design traced on the cover will be found distinctly etched 
after the removal of the wax from the glass by means of tur- 
pentine or other solvent. The change described may be thus 
expressed, in the form of two equations : — 

2MP-I-H, S0,=2HP-|-M^ SO, ; 
Si,03+6HF=2SiP,-|-3H,0. 
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Thus the hydrofluoric add first formed acts upon the silicon 
contained in the glass, yielding water and the gaseous fluoride 
of silicon, the formation of which is itself an excellent test for 
flnorine. 

2. The terftuoride of silicon test. A fluoride mixed with 
some quantity of sand (Si,0,) and of sulphuric acid, when heated, 
evolves, as has heen already shown, gaseous terfluoride of 
silicon. The ahove mixture may be made in a test-tube (per- 
fectly dry), fitted with a cork and bent tube dipping under water 
in another glass vessel. When heat is applied, the terfluoride 
is immediately evolved, and, passing through the water, suffers 
the following decompodtion : — 

3SiP,+2H,0«HSiO,+H, K, F,. 

gelatppL 

So rapid is the decomposition when the gas meets the water, 
that the aperture of the delivery tube soon becomes blocked with 
the silica deposited ; to avoid this, the point of the delivery-tube 
dips beneath a layer of mercury (fig. 7, p. 65). The formation of 
hydrofluosilidc acid (H, Si, F,), in the experiment just described, 
furnishes another proof of the presence of flnorine in the sub- 
stance examined ; this add may be recognized by adding to the 
filtrate from the gelatinous predpitate of silica, a few drops of 
chloride of barium solution, when, after agitation, we obtain a 
gelatinous precipitate of silicoflnoride of barium (Ba,SL,F,), a 
salt with which the student has already become familiar. 

Section II. — The h^fpoMorites, tMorites, chlorates, perehlo^ates, 
hypobromiteSy hromates, iodites, iocUUes, and periodaUs. 

SALTS OF THE COMPOUND ACID-EADICALB WHICH CONTAIN 
CHLORINB, BBOMINE, AND IODINE COMBINED WITH 
OXYGEN. 

Of the odd-radicals containing chlorine combined with oxygen, 
those existing in the adds or hydrogen salts, termed hypo- 
chlorous, chloric, and perchloric, are the most important in an 
analytical point of view. 
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SALTS OF THE HTPOCHLOBOrS BADICAL, OR HTPOCHLORITES. 

A few only of these salts are known ; they are extremely nn- 
stable. The mode in which they are commonly pjR)duced is by 
passing chlorine either into a solation of hydrate of iK>tassium or 
over solid hydrate of caldum ; the temperature of the materials 
must not be allowed to be more than lukewarm. 

2CaHO+2a=CaaO+Caa-f-H,0. 

The hypochlorites are decomposed on a slight increase of 
temperatarcy and gire no characteristic blowpipe reactions. 

The anhydrous hypochlorous add (d^O) is a yellow gas, 
very soluble in water^ and possessing a peculiar odour distinct 
from, and yet recalling, that of chlorine. Water dissolves more 
than 100 times its volume of the gas, and yields the hydrogen 
salty or hypochlorous add (HGIO). The gas (01,0) is a power- 
ful bleaching agent, yielding up both oxygen and chlorine, and 
indeed, from its great instability, decomposing readily, with ex- 
plosion, when gently heated. 

No insoluble hypoehioriUs are hnoum; the aqueous solutions 
of the hypochlorites acquire a most sickly and disagreeable 
odour by contact with organic matter ; and in sunlight, or when 
heated, decompose into chloride and chlorate, with evolution of 
oxygen and chlorine. 

o. Hypochlorous add, or a hypochlorite, may be immediately 
detected by warming the solution of the former, or by adding an 
add to that of the latter, when, in either instance, their own 
peculiar odour is converted into the characteristic odour of 
chlorine. The following equations represent the metamorphoses 
of a hypochlorite : — 

Mao + Hci« Hcao + MCI ; 

2HC10=H,0+2Cl+t)r 

)3. If a solution of a hypochlorite be mixed with a solution of 

a manganese salt, a brownish black precipitate of the bihydrate 

(MnH,0,) feUs, thus— 

OaC104"2Mna+3H,0=:CaCl+2MnH,0,+2HCl. 

brown-blAck ppt. 

ir2 
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Thus the hydrofluoric acid first formed acts upon the silicon 
contained in the glass, yielding water and the gaseous fluoride 
of silicon, the formation of which is itself an excellent test for 
fluorine. 

2. The terfluoride of silicon test. A fluoride mixed with 
some quantity of sand (Si^O,) and of sulphuric acid, when heated, 
evolves, as has been already shown, gaseous terfluoride of 
silicon. The above mixture may be made in a test-tube (per- 
fectly dry), fitted with a cork and bent tube dipping under water 
in another glass vessel. When heat is applied, the teifluoride 
is immediately evolved, and, passing through the water, suffers 
the following decomposition : — 

3SiF,+2H,0«HSiO,+H,Si,F,. 

geUt. ppt. 

So rapid is the decomposition when the gas meets the water, 
that the aperture of the delivery tube soon becomes blocked with 
the silica deposited ; to avoid this, the point of the delivery-tube 
dips beneath a layer of mercury (fig. 7, p. 65). The formation of 
hydrofluosilicic acid (H, Si, F.), in the experiment just described, 
famishes another proof of the presence of fluorine in the sub- 
stance examined ; this acid may be recognized by adding to Hie 
filtrate from the gelatinous predjiitate of silica, a few drops of 
chloride of barium solution, when, after agitation, we obtain a 
gelatinous precipitate of silicofluoride of barium (Ba^^E,), a 
salt with which the student has already become ^miliar. 

Sbction n. — The hypoehhriteSy chloriteSy ehhratea, perckhrates, 
hypohromites, hromates, iodites, iodaUes, and periodates, 

SAI/rS OP THE COMPOUND ACID-RADICAM WHICH CONTAIN 
CHLORINE, BEOMINE, AND IODINE COMBINED WITH 
OXYGEN. 

Of ike cund-radicals containing chlorine c/mihined with oxy^tny 
those existing in the adds or hydrogen salts, tenned hypo- 
chlorous, chloric, and perchloric, are the most important in an 
analytical point of view. 
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SALTS OF THE HTPOCHLOBOUS EADICAL, OR HTPOCBXOBITES. 

A few only of these salts are known ; they are extremely un- 
stable. The mode in which they are commonly produced is by 
passing chlorine either into a solution of hydrate of potassium or 
over solid hydrate of caldum; the temperature of the materials 
must not be allowed to be more than lukewarm. 

2CaH0H-2a=CaC104-Caa+H,0. 

The hypochlorites are decomposed on a slight increase of 
temperature, and give no characteiistic blowpipe reactions. 

The anhydrous hypochlorous add (G1,0) is a yellow gas, 
very soluble in water, and possessing a peculiar odour distinct 
from, and yet recalling, that of chlorine. Water dissolves more 
than 100 times its volume of the gas, and yields the hydrogen 
salt, or hypochlorous acid (HCIO). The gas (01,0) is a power- 
ful bleaching agent, yielding up both oxygen and chlorine, and 
indeed, from its great iustabiliiy, decomposing readily, with ex- 
plosion, when gently heated. 

No insoluble hypoMoriUs are known i the aqueous solutions 
of the hypochlorites acquire a most sickly and disagreeable 
odour by contact with oxganic matter ; and in sunlight, or when 
heated, decompose into chloride and chlorate, with evolution of 
oxygen and chlorine. 

a. Hypochlorous acid, or a hypochlorite, may be immediately 
detected by warming the solution of the former, or by adding an 
add to that of the latter, when, in either instance, their own 
peculiar odour is converted into the characteristic odour of 
chlorine. The following equations represent the metamorphoses 
of a hypochlorite : — 

Ma0+HC1«HC10+MG1; 

2HCio=H,o+2ca+T5r 

^. If a solution of a hypochlorite be mixed with a solution of 

a manganese salt, a brownish black precipitate of the bihydrate 

(MnH,0,) fells, thu*— 

OadO + 2MnCl + 3H, = CaCl -h 2MnH,0, + 2HC1. 

brown-black ppt. 

n2 
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Thus the hydrofluoric add first formed acts upon the silicon 
contained in the glass, yielding water and the gaseous fluoiidci 
of silicon, the formation of which is itself an excellent test for 
fluorine. 

2. The terfluoride of silicon test. A fluoride mixed with 
some quantity of sand (Si^Og) and of sulphuric acid, when heated, 
evolves, as has been already shown, gaseous terfluoride of 
silicon. The above mixture may be made in a test-tube (per- 
fectly dry), fitted with a cork and bent tube dipping under water 
in another glass vessel. When heat is applied, the terfluoride 
is immediately evolved, and, passing through the water, sufiers 
the following decomposition : — 

3SiF,+2H,0«HSiO,+H3 Si, F,. 

gelatppt. 

So rapid is the decomposition when the gas meets the water, 
that the aperture of the delivery tube soon becomes blocked wiHi 
the silica deposited ; to avoid this, the point of the delivery-tube 
dips beneath a layer of mercuiy (fig. 7, p. 65). The formation of 
hydrofluosilidc acid (H, Si, F,), in the experiment just described, 
furnishes another proof of the presence of fluorine in the sub- 
stance examined ; this acid may be recognized by adding to the 
filtrate from the gelatinous precipitate of silica, a few drops of 
chloride of bariimi solution, when, after agitation, we obtain a 
gelatinous precipitate of silicofluoride of barium (Ba,Si,F,), a 
salt with which the student has already become familiar. 

Section II. — The hypochlorites, chlorites, chlorates, perMoirates, 
hypohromites, hromates, iodites, iodates, and periodates, 

SALTS OF THE COMPOUND ACID-EABICAIS WHICH CONTAIN 
CHLORINE, BROMINE, AND IODINE COMBINED WITH 
OXYGEN. 

Of the acid-radtcaJs containing chlorine cx/mhined with oxygen^ 
those existing in the adds or hydrogen salts, termed h jpo- 
chlorous, chloric, and perchloric, are the most important in an 
analytical point of view. 
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SALTS OF THB HTPOCHLOSOUS RADICAL, OR HTPOCBXORITES. 

A few only of these salts are known ; they are extremely un- 
stable. The mode in which they are commonly pioduced is by 
passing chlorine either into a solution of hydrate of potassium or 
over solid hydrate of calcium ; the temperature of the materials 
must not be allowed to be more than lukewarm. 

2CaH04-2a«CaaO+CaCl+H,0. 

The hypochlorites are decomposed on a slight increase of 
temperature, and give no characteristic blowpipe reactions. 

The anhydrous hypochlorous acid (ClaO) is a yellow gas, 
very soluble in water, and possessing a peculiar odour distinct 
from, and yet recalling, that of chlorine. Water dissolves more 
than 100 times its volume of the gas, and yields the hydrogen 
salt, or hypochlorous add (KCIO). The gas (ClaO) is a power- 
ful bleaching agent, yielding up both oxygen and chlorine, and 
indeed, from its great instability, decomposing readily, with ex- 
plosion, when gently heated. 

No intolvble hypoMoriUs art known; the aqueous solutions 
of the hypochlorites acquire a most sickly and disagreeable 
odour by contact with orgaoic matter ; and in sunlight, or when 
heated, decompose into chloride and chlorate, with evolution of 
oxygen and chlorine. 

a. Hypochlorous add, or a hypochlorite, may be immediately 
detected by warming the solution of the former, or by adding an 
add to that of the latter, when, in either instance, their own 
peculiar odour is converted into the characteristic odour of 
chlorine. The following equations represent the metamorphoses 
of a hjrpochlorite : — 

MaO+HCl«HC10+MCl ; 

2HC10=H,0+2Cl+t). 
j3. If a solution of a hypochlorite be mixed with a solution of 
a manganese salt, a brownish black precipitate of the bihydrate 
(MnH,0,) fells, thus— 

OftC10+2Mna+3H,0=Caa4-2MnH,0,+2Ha 

brown-black ppt 

n2 
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Thus the hydrofluoric acid first formed acts upon the silicon 
contained in the glass, yielding water and the gaseous fluoride 
of silicon, the formation of which is itself an excellent test for 
fluorine. 

2. The terfluoride of silicon test. A fluoride mixed with 
some quantity of sand (Si^O,) and of sulphuric acid, when heated, 
evolves, as has heen already shown, gaseous terfluoride of 
silicon. The above mixture may be made in a test-tube (per- 
fectly dry), fitted with a cork and bent tube dipping under water 
in another glass vessel. When heat is applied, the terfluoride 
is immediately evolved, and, passing through the water, suflers 
the following decomposition : — 

3SiP,+2B;0==HSiO,+H3Si,F,. 

gelat. ppt. 

So rapid is the decomposition when the gas meets the water, 
that the aperture of the delivery tube soon becomes blocked with 
the silica deposited ; to avoid this, the point of the delivery-tube 
dips beneath a layer of mercury (fig. 7, p. 65). The formation of 
hydrofluosilicic acid (H, Si, F,), in the experiment just described, 
furnishes another proof of the presence of fluorine in the sub- 
stance examined ; this acid may be recognised by adding to the 
filtrate from the gelatinous precipitate of silica, a few drops of 
chloride of barium solution, when, after agitation, we obtain a 
gelatinous precipitate of silicofluoride of barium (Ba,6iaP,), a 
salt with which the student has already become &miliar. 

Sectiok II. — TTie hypoehhrites, chlarites, Mar<xt€s, perthlofntes, 
hypohrcmites, hromates, iodites, iodates, and periodates, 

SALTS OF THE COMPOUND ACID-IlADICAIfl WHICH CONTAIN 
CHLORINE, BBOMINE, AND IODINE COMBINED WITH 
OXYGEN. 

Of the acid-radicals containing chlorine combined with oxygen^ 
those existing in the adds or hydrogen salts, termed hypo- 
chlorous, chloric, and perchloric, are the most important in an 
analytical point of view. 
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SALTS OP THB HYPOCHLOBOVS RADICAL, OR HYPOCHLORITES. 

A few only of these salts are known ; they are extiemely un- 
stable. The mode in which they are commonly pzoduced is by 
passing chlorine either into a solution of hydrate of potassium or 
oyer solid hydrate of calcium ; the temperature of the materials 
must not be allowed to be more than lukewarm. 

2CaH0+2aasCaC104-CaCl-|-H,0. 

The hypochlorites are decomposed on a slight increase of 
temperature, and give no characteristic blowpipe reactions. 

The anhydrous hypochlorous add (01,0) is a yellow gas, 
very soluble in water, and possessing a peculiar odour distinct 
from, and yet recalling, that of chlorine. Water dissolves more 
than 100 times its volume of the gas, and yields the hydrogen 
salt, or hypochlorous add (HdO). The gas (01,0) is a power- 
ful bleaching agent, yielding up both oxygen and chlorine, and 
indeed, from its great instability, decomposing readily, with ex- 
plosion, when gently heated. 

No %n9ohtble hypoMorita are hiMum\ the aqueous solutions 
of the hypochlorites acquire a most sickly and disagreeable 
odour by contact with organic matter; and in sunlight, or when 
heated, decompose into chloride and chlorate, with evolution of 
oxygen and chlorine. 

a. Hjrpochlorous add, or a hypochlorite, may be immediately 
detected by warming the solution of the former, or by adding an 
acid to that of the latter, when, in either instance, their own 
peculiar odour is converted into the characteristic odour of 
chlorine. The following equations represent the metamorphoses 
of a hypochlorite : — 

Mao + HOI- HOlO + Ma ; 

2Hao=:H,o+2a-ht5r 

)3. If a solution of a hypochlorite be mixed with a solution of 
a manganese salt, a brownish black precipitate of the bihydrate 
(MnH,0 J fells, thus— 

CWaO+2Mna+3H,0=Caa-f2MnH,0,4-2Ha. 

brown-black ppt. 

n2 
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ThuB the hydrofluoric acid first formed acts upon the silicon 
contained in the glass, yielding water and the gaseous fiuoridei 
of silicon, the formation of which is itself an excellent test for 
fluorine. 

2. The terfluoride of silicon test. A fluoride mixed with 
some quantity of sand (Si^O,) and of sulphuric acid, when heated, 
evolTcs, as has heen already shown, gaseous terfluoride of 
silicon. The above mixture may be made in a test-tube (per- 
fectly dry), fitted with a cork and bent tube dipping under water 
in another glass vessel. When heat is applied, the terfluoride 
is immediately evolved, and, passing through the water, suflers 
the following decomposition :— 

3SLF,+2H,0=HSiO,+H,Si,F,. 

gelat. ppt. 

So rapid is the decomposition when the gas meets the water, 
that the aperture of the delivery tube soon becomes blocked with 
the silica deposited ; to avoid this, the point of the delivery-tube 
dips beneath a layer of mercury (fig. 7, p. 65). The formation of 
hydrofluosilicic acid (H, Si, F^), in the experiment just described, 
tonishes another proof of the presence of fluorine in the sub- 
stance examined ; this acid may be recognized by adding to tiie 
filtrate from the gelatinous precipitate of silica, a few drops of 
chloride of barium solution, when, after agitation, we obtain a 
gelatinous precipitate of silicofluoride of barium (Ba^Si^F,), a 
salt with which the student has already become &miliar. 

Ssciioir n. — T7u hypoeklorites, cMorites, chlorates, pereklctaUs, 
hypohromiteSy hromates, iodites, iocUUes, and periodates. 

SALTS OF THE COMPOUND ACID-RADICALS WHICH CONTAIN 
CHLOBINE, BROMINE, AND IODINE COMBINED WITH 
OXYGEN. 

Of the acid-radieaJs eontainivg chlorine combined with oxygen^ 
those existing in the adds or hydrogen salts, termed hypo- 
chlorous, chloric, and perchloric, are the most important in an 
analytical point of view. 
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SALTS OF THB HTPOCHLOBOITS RADICAL, OR HTFOCHLORITES. 

A few only of these salts are known ; they are extremely nn- 
stable. The mode in which they are commonly produced is by 
passing chlorine either into a solution of hydrate of potassium or 
oyer solid hydrate of calcium ; the temperature of the materials 
must not be allowed to be more than lukewarm. 

2CaHO-f2a=CaaO+Caa-|-H,0. 

The hypochlorites are decomposed on a slight increase of 
temperature, and giye no chajacteristic blowpipe reactions. 

The anhydrous hypochlorous acid (01,0) is a yellow gas, 
very soluble in water, and possessing a peculiar odour distinct 
from, and yet recalling, that of chlorine. Water dissolves more 
than 100 times its volume of the gas, and yields the hydrogen 
salt, or hypochlorous add (HdO). The gas (d^O) is a power- 
ful bleaching agent, yielding up both oxygen and chlorine, and 
indeed, from its great instability, decomposing readily, with ex- 
plosion, when gently heated. 

ZITo imohihle hypoekhntes are Icnaum; the aqueous solutions 
of the hypochlorites acquire a most sickly and disagreeable 
odour by contact with organic matter ; and in sunlight, or when 
heated, decompose into chloride and chlorate, with evolution of 
oxygen and chlorine. 

a. Hjrpochlorous acid, or a hypochlorite, may be immediately 
detected by warming the solution of the former, or by adding an 
acid to that of the latter, when, in either instance, their own 
peculiar odour is converted into the characteristic odour of 
chlorine. The following equations represent the metamorphoses 
of a hypochlorite : — 

Mao + HG1« HGIO + MCI ; 

2HaO=H,0+2a+tX 
j3. If a solution of a hypochlorite be mixed with a solution of 
a manganese salt, a brownish black precipitate of the bihydrate 
(MnH,0,) fells, thus— 

CadO + 2MnCl + SR, = CaCH- 2MnH,0, + 2HC1. 

brown-black ppt. 

k2 
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y. If a solution of a hypochlorite be mixed with a solution of 
a lead salt, at first a white precipitate of plumbous chloiide 
(PbCl) is produced (it must be remembered that hypochlorites are 
almost invariably accompanied by chlorides) ; this white pre- 
cipitate, however, speedily becomes brown, being converted, with 
evolution of chlorine, into the binoxide of lead (Pb,0,) : 

2PbCl4-2CaC10=Pb,0,+2CaCl+2a. 

brown ppt. 

L If a solution of a hypochlorite be mixed with oxide of 
silver (Ag^O), the latter is rapidly converted into the chloride 
(AgCl) with violent evolution of oxygen, derived partly from the 
oxide of silver, and partly from the hypochlorite employed. If 
the same experiment be performed, only substituting the nitrate 
for the oxide of silver before used, a black precipitate, formerly 
believed to be peroxide of silver (Ag^O,), is deposited. 

e. The hypochlorites oxidise hydrosulphuric with formation of 
sulphuric acid and separation of sulphur ; by the addition of more 
hypochlorite, the sulphur is itself oxidized. 

The hypochlorites are recognised by the tests a,/3, y, and ^, 
just described, and by their powerful bleaching action on indigo, 
litmus, and other vegetable colouring matters. 

SALTS OF THB CHLOHOUB RADICAL, OR CHLORirKS. 

The chloritee do not occur in the course of analysis. The formula of 
the anhydrous add is ClsO,, and that of the salts MCIO3. Most of the 
known dilorites are readily soluble in water ; the argentie and plumbic ohlo- 
rites are, however, nearly insoluble : the latter is a beautiful pale yellow 
precipitate, crystallizing in scales. The chloritee differ from the hypo- 
chlorites in the fact that their bleaching power is not destroyed by a solution 
of arsenious oxide in nitric acid. 

SALTS OF THB CHLOBIC RADICAL, OR CHLORATES. 

These salts are fSar more stable under ordinary circumstances 
than the h3rpochlorites ; the most common salt is that of potas- 
sium, which is generally prepared by passing chlorine into a 
solution of hydrate of potassium, and not preventing the conse- 
quent rise of temperature : 

6B:HOH-6Cl«KC10,+3H,0+6Ka. 
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The chlorates, when heated on charcoal before the blowpipe, 
deflagrate with great brilliancy, the charcoal being consumed 
and converted into carbonic anhydride, and a residue of chloride, 
oxide, or metal left, according to the nature of the basic radical 
present, unless indeed complete yolatUization occur. The chlo- 
rate of barium imparts a green, that of strontium a crimson 
colour to the blowpipe flame. 

When heated alone in the solid state, the chlorates are decom- 
posed, any residue being either a chloride or an oxide, an evo- 
lution of oxygen also occurring. 

The HTBBooEir Saxt (HCIO,), or chloric acid, is only known 
dissolved in water; in this state it is decomposed when heated 
above 40°. 

No insoluble chlorates are hnown ; some of the important re- 
actions of acids, &c. upon these salts are given in siibsequent 
parag^phs. 

a. The chlorates are easily recognized by the peculiar decom- 
positions which their add-radical suffers. When a chlorate is 
mixed with concentrated sulphuric acid, chloric acid (HCIO3) is 
evolved, thus-r 

2MaO,+H, flO,«2HC103-hM, SO, ; 
as the temperature rises, the chloric acid decomposes, thue 



3HCI10,«HC10,+H,0+C3,0,. 
This decomposition is accompanied by a j)eculiar crackling noise, 
and the evolution of the greenish yellow gas, hypochloric an- 
hydride (01,0,), which, if the temperature rises too high, explodes 
with great violence. This gas has a most peculiar, almost aromatic 
odour, cpiie unlike that of chlorine ; but no sooner has the explo- 
sion and decomposition of the gas into oxygen and chlorine taken 
place, than the suffocating smell of the latter gas may be directly 
perodved. Sulphuric add acts much more readily upon chlorate 
of potassium when chloride of potassium is also present. 

/3. When a minute quantity of a chlorate is produced, and then 
rubbed gently in a mortar with a very small particle of sulphur, 
frequent and sharp detonations occur. 



f 
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y. If a chlorate be mixed with an organic substance, such as 
sugar, the mass placed in a dish, and then a single drop of 
concentrated sulphuric acid allowed to fidl from a glass rod upon 
the mixture, yivid combustion takes place, due, of course, to the 
liberation of chloric add and its oxidizing effoct upon the carbon 
and hydrogen of the sugar. 

d. A solution of a chlorate, even if somewhat dOute, when 
mixed cold with tincture of litmus, and then a few drops of 
strong sulphuric acid added, bleaches the litmus. This test 
forms one of the best characteristics by means of which we can 
distinguish between the chlorates and nitrates. 

e. A solution of a chlorate mixed with a solution of indigo in 
sulphuric acid bleaches the indigo on the application of heat, 
just as a nitrate would do. 

(, Hydrosulphuiic acid does not decompose a solution of chlo- 
rate of potassium. 

The tests a. and i, are among those most usually employed for 
the recognition of the chlorates. 

8ALT8 OF TBI raROHLORIC RADICAL, OR PRRCHLORATXS. 

The perohloratoe are renuurbibly stable salts ; the perohlorate of potaasiuiii 
withstands a higher temperature than the chlorate without deoomiK)eifioii« 
and is among the first products formed when chlorate of potassium is heated, 
since it is not itself resolved into chloride of potassium and oxygen, except 
at a more eleyated temperature. 

Perohlorates, when fused npon charcoal, explode with Tiolenoe ; bat witii 
combustible bodies in general they do not detonate so Tiolently as the 
chlorates. 

The HYDROoair Salt (HOIO^), or perchloric add, is a white crystalline 
solid, which mdts at 46^ C, and is Tery soluble in water. 

The potassio perdilorate is the only salt of the series whidi may be con- 
sidered comparatively insoluble. 

The Potusium Salt is obtained by the addition of certain soluble 
potassium salts (e.ff. the carbonate [K^OOg]) to an aqueous solution of per- 
chloric add, or by fusing ddorate of potassium at a gentle heat and for 
some time, and, after cooling, separating the chloride of potassium formed, 
from the perchlorate by water. It is a white ayBtaUine powder. 

Its formula is XaO^. 

It dissolves in 65 parts of water at 15® C, and in a smallerquantity of boil- 
ing water : it is quite insoluble in aloohoL 
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Thb AjmoiriuM Salt Ib prodooed by the addition of hjdrate or carbonate 
of ammoniiun to aqueouB perchloric acid : it is a white oryBtalline precipi- 
tate, Tery alightlj soluble in alcohol, but requiring only 5 parts of cold water 
for solution. 

The barium and all the other known salts of the perchloric radical are 
soluble in water. 

The perchlorates are detected by the precipitation of the insoluble potas- 
rium salt, while they are distinguished from the chlorates by not becoming 
yellow on treatment with sulphuric add (concentrated) in the cold. 

Of the acid-radic<ils containing bromine combined with oxygen, 
that existing in the acid (or hydrogen salt) termed bromic acid 
is the only important one in an analytical point of yiew. 

SALTS OV TQI HTPOBBOMOUS RADICAL, OR HTPOBROMITES. 

From the similarity of bromine to chlorine, and firom the peculiar pro- 
perties of the solution formed when bromine is added to the carbonates or 
hydrates of potassium or sodium, the alkali being in excess, it is extremely 
probable that a series of hypobromites exist of the formula MBrO, pos- 
sessed of bleaching powers like the hypochlorites, and decomposing, when 
ignited, into bromide of the metal and oxygen. They are of no analytical 
importance. 

SALTS OF THK BROMIC RADICAL, OR BR0MATB8. 

These salts resemble the chlorates in their general characters, and are 
produced generally by the action of bromine in excess on the hydrates 
and carbonates of the alkaline metals, with simultaneous formation of 
bromides. 

The bromates* when heated with charcoal or other combustibles, de- 
flagrate or detonate just as the chlorates. They are also decomposed when 
heated alone. 

Thb Htdbogen Salt (HBrO,), or bromic acid, is known as dissolved in 
water ; but it is readily decomposed upon the application of heat. 

The insoluble salts of this series which are most important are the ar- 
gentic, mercurous, mercuric, and plumbic bromates. 

Turn Potassium and Ammonium Salts are soluble. 

Thb Barium Salt is produced by the action of a soluble barium salt on 
a moderately concentrated solution of bromate of potassium : it is a white 
crystalline precipitate, which requires 130 parts of cold, and 24 parts of 
boiling water for its solution. 

Thb Strontium, Calcium, and Magnbsium Salts are soluble. 

Thb Cuprous Salt does not exist ; thb Cupric Salt Ib soluble. 

The Argentio or Silver Salt is produced by the action of a soluble 
Btlver salt on a solution of bromic acid or other soluble bromate. It is a 
white precipitate. 
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Itfl formula it AgBrO,, 

This salt ia insoluble, or nearly so, in water and in nitric aoid, bat dis- 
Bolves in hydrate of ammonium. 

The Mehcuboub Salt is produced by the action of a soluble merourous 
salt on solutions of bromatee or of bromio acid : it is a yeUowiah white pre- 
cipitate. 

Its formula is Hg^BrO,. 

It is decomposed by washing with water, into bromio add and a basic 
salt (HggO, Hg^BrO,) ; in hydrochloric add it dissolTeSi wi& formation of 
mercuric chloride ; it is dissolved less easily by nitric add. 

The Mercuric Saivt is produced by the action of soluble meronrio salts 
upon solutions of bromic add or of other bromates : it is a white predpitttte. 

Its formula is HgBrO,+aq. 

It is soluble in 660 parts of cold, and in 64 parts of boiling water ; it is 
disBolred by hydrochloric and by nitric add. 

The Lead Salt is produced by the action of concentrated sdutaons only 
of lead salts on soluble bromates. It ia a white predpitate, soluble in 75 
parts of cold water ; and to it the formula PbBrO,+iAq has been assigned. 

Ifearly all the remaining bromates that are bxown are insoluble in water. 

a. The bromates may be reoogniaed, as easily as the ddorates, by the 
deoompodtion of thdr add constituent ; but in their case, bromine, and 
not an oxide, is liberated. Thus, when sulphuric add (concentrated), or 
even a dilute mineral or organic add (such as acetic), is added to a solution 
of a bromate, oxygen, and bromine are set free, and then the latter may be 
at once identified by its action on starch. 

/3, A fragment of a bromate in powder, when rubbed in a mortar with 
Buoh bodies as carbon, sulphur, or antimony, explodes or detonates. A 
similar result is obtained on heating the powdered mixture. 

y, Bromates mixed with sugar frequently cause the inflammation of the 
latter when the mixture is moistened with sulphurio add. 

S, Bromates are decomposed by hydrosulphuric add, — a white predpitate 
of sulphur being formed, and sulphurio and hydrobromic adda remaining 
in the solution. 

The bromatee are recognised by the predpitatton of the nlver, merouiy, 
and lead salts, and by the teats a. and fi. 

Of the acid-radicals eorUaining iodine combined wiih oxygen, 
those existing in the adds or hydrogen salts, termed iodic and 
periodic acids are the most important in an analytical point of 
view. 

It is probable that the hypo-iodous (HIO) and iodons (HIO,) 
adds exist ; but nothing definite has as yet been ascertained con- 
cerning them. 
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SALTS OF TBB IODIC BADICAL, OR I0DATB8, 

These salts are quite analogous to the bromatee, and may be preptseed 
similarly, by the action of iodine on the alkaline hydrates and carbonates. 
They exist, however, in several dosely-related modifications ; for, while to 
the ordinary iodates the formula MIO, is assigned, there are also other salts 
represented by the formula M2I4O11 and MlgO^, all derivable from the 
action of iodic acid on metallic oxides. A very remarkable series of salts 
will be found described in the observations ut)on the phosphates ; and we 
have already had peculiar instances among the sulpharseniates. 

Iodates, when heated, are converted either into iodides, with evolution of 
3 equivalents of oxygen, or into oxides, with evolution of iodine and of a 
less propcniaon of oxygen or formation of periodates ; the former decom- 
position is that which the iodates of the first subdivision of basic radicals 
sniTer, while the latter change is that experienced by the iodates of the 
second subdivision. 

Thb Htdeoosh Salt, or iodic acid, may be made directly by heating iodine 
with nitric acid, or with nitric add and ddorate of potasrium. It is exceed- 
ingly soluble in water ; and the solution, which is syrupy, is extremely cor- 
rosive. Iodic add, HIO,, when heated to 170^ C, yields the iodic anhydride 
(I2 Og), which decomposes at a higher temperature into its constituents. 

The most important insoluble salts of this series are the aigentic, mer- 
curous, and plumbic iodates. 

Thi PoTASstuM and Ammohtou Salts are soluble. 

The Barixun Salt is produced by the action of a concentrated solution 
of a barium salt on a soluble iodate : it is a white granular predpitate. 

Its formula is BalOg+^aq. 

It requires 1746 parts of water at 15^, and 600 parts of boiling water, to 
effect its solution ; it dissolves with difilculty in warm nitric add. 

The Stbomtium Salt is soluble. 

Thb Calcium Salt is produced in the same manner as the barium salt : it 
is a white crystalline predpitate, soluble in 260 parts of cold water, and in 
75 of boiling water, but much more easily dissolved by nitric add. 

Thx Hagvbbium Salt Ib soluble. 

Tbm Cvfbovs Salt does not exist 

Teoi Ovpbio 8ai/t is produced by the action of cupric sulphates on iodate 
of sodium or iodic add, and allowing the mixture to stand. If the predpitant 
were concentrated, the predpitate is bluish green ; if dilute, white. It dis- 
solves in 902 parts of water at 15°, or in 145 parts of boiling water, and is 
readily soluble in hydrate of ammonium. 

The Argentic or £HlTer Salt is obtained by the action of a soluble 
salver salt on a solution of a soluble iodate : it is a white predpitate. 

Its fonnulA is AglO,. 

It dissolves in hydrate of ammonium, and sparingly in nitric add ; by 
fajdrochloric aoid it is decomposed. 

h5 
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The Mircusoub Salt ia obtained by the acdon of a soluble mercmouB 
salt on BolutionB of iodic acid or iodates : it ii a white precipitate, haTing a 
pearly liutre. 

It IB tUghtlj Boluble in water, and is diaeolyed bj most aoids. 

Tub Mbbcuric Salt is soluble. 

Thb Lsad Salt is produced by the addition of a soluble lead salt to a 
solution of an iodate or of iodic add : it is a white precipitate, which dis- 
solves sparingly in water, and with difficulty in nitric add. 

Most, if not all, of the remaining iodates that are known are oompara- 
tively soluble in water. 

a, Iodates may be identified, with the same ease as faromates, by the de- 
composition of their add constituent This change is, howerer, generally 
effected by the action of a reducing agent, such as sulphurous add gas 
(SOj), which separates iodine, this element being subsequently recognised by 
the usual tests. The strong adds generally liberate iodic add firom tibia 
iodates in solution. 

/3. Iodates detonate when heated with combustible bodies, or when the 
mixtures containing these bodies are struck ; the detonation is not nearly 
equal in nolence to that of the chlorates, bromates, and nitrates when 
similarly treated. 

y. If to a solution of an iodate a soluble iodide be added, and then a 
strong add, the hydriodic and iodic adds, at the moment of liberation, act 
upon one another in the following manner : — 

7HH-HIO^=4Ha 0+81. 

The black precipitate, or brown colouration produced in the solution, is an 
excellent indication of the presence of iodine. 

6. Iodates are decomposed by hydrosulphuric add, a white predpitate 
of sulphur being formed, and sulphuric and hydriodic adds remaining in 
the solution. 

The iodates are recognized by the predpitation of the barium, silyer, and 
lead salts, and by the tests a, y, and i. 

salts or THB PBRIODIC RADICAL, Oft PBRtODATEfi. 

The periodates are, in some respects, similar to the perchloratea. They 
resemble the iodates in the fiusility with which they paas into new modi- 
fications possessing a difierent proportion of the basic constituent The 
formula of the normal periodates would be MIO4 ; but others are known, to 
which the formula M^I^Og, M^IOg, MgHgl^Oi,, ^'t ^^^ been assigned. 
Most of the insoluble periodates belong dther to the second or thiid of 
these classes. 

Heated on charcoal or with other combustibles, periodates detonate, but 
not yiolently ; when heated alone, they behave in a similar manner to the 
iodates. 

Thb Htdroobb Salt, or periodic add, may be obtained in oolourlesa 
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cryfltak (HlO^+Sttq), which duflolre reodilj in water ; the solution may 
be boiled without deoomposition. 

Among the insoluble periodates the sodium, barium, silyer, mercurouSi 
mercuric, and lead salts are the most important. 

The SodiunL Salt is obtained by passing chlorine through an aqueous 
solution of carbonate of sodium, and adding iodine ; also in other ways. It 
is a pearly, ^^nte, arystaUine precipitate. 

Its formula is Na4 1, O, +daq. 

It is insoluble in oold, but sparingly soluble in hot water ; it is easily so- 
luble in acids. The normal salt (NalO^) is very soluble in water. 

Thb Potassium Salts (EIO4 and K^ I, Og) are soluble. 

Thb Babiux Salts (Ba^IO^ and BajH^IgOj,) are produced in seyeral 
decompositions, generally by the action of the soluble periodates of sodium. 
They are insoluble in water, but dissolve in dilute nitric add. 

Thx STBOimiTM and Calcium Salts are not well known, but are beUeyed 
to be insoluble. 

Thx Maokssium and Cufrovs Salts are unknown. 

Thb Cupsio Salt is a light green precipitate, soluble in dilute nitric 
acid. 

The Argentic or SOrer Salt is produced by the addition of nitrate of 
silyer to the solution of periodate of sodium in dilute nitric acid, and falls 
as a light yellow crystalline powder, to which the formula Ag^I^Og has 
been giyen. It is insoluble in water, sparingly soluble in nitric acid. 

Thx Mxbcubous Salt is said to be produced by the action of mercurous 
nitrate on the soluble periodate of sodium (NalO^). It is a yellow pre- 
cipitate, which when warmed becomes reddish brown ; it is easily sc^uble in 
dilute acids. 

Thx Mxrcuuc Salt is said to be produced by the action of mercuric 
nitrate on the soluble yariety of periodate of sodium. It is a white pre- 
cipitate, which when heated becomes yellow ; it is soluble in dilute nitric 
add. 

Thx Lkad Salt is produced by the addition of a solution of plumbic 
nitrate (FbNO,) to an aqueous solution of the normal periodate of sodium, 
as a white predpitate, nearly insoluble in water, but soluble in dilute nitric 
add. 
The Pallasious and Platutovb, and seyeral other salts are unknown. 

Some of the remaining periodates that are known are soluble ; a few, chiefly 
belonging the dass M4 1, O,, are insoluble. 

The periodate of sodium (Na^IgOg) is the most characteristic salt of the 
present seriea. 
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Sbctioiv m. — The chhrooadmiate»j chloropaUadiaie^ ekhropUOinaimt ekloro^ 
rkodiates, chloronUhmiates^ chloriridiateSt and chkraturatn^ ^«. 

SALTS OP THE COMPOUND AOIDRADICALS WHICH COHTTAIN 
CHLORINE, BROMINE, AND IODINE COMBINED WITH 
METALS. 

The radicalfl contained in the salts of this aeotion are sumobaaio; and 
consequently the general fonnula of theae salts will be MR. Tbe oUoro- 
cadmiates are represented by the expresaion MOddy the chloropalladiatea 
by MPdCl,, the ohloroplatinates by MPtCl,, and the ehliBsaraiies by 
MAuCl^. The other add-radicals oontaixiing a metal and diloriiie fasre 
3 equiyalents of the latter element Many oorreapondi^g compoonda oon- 
taining bromine and iodine combined with metala are also formed, but they 
are as yet but imperfectly known. 



TABLE OP 



o. 



8A.LT8. 



CI 

(see page 254) 



Br 

(see page 256) 



(see page 260) 



F 

(seep^Se263) 



Potassium 
Barium ... 



Strontium 
Calcium.., 



Magnesium 
Cuprous.. 
Cuprio .. 
jSUtct 



MercurouB 
Mercuric 



Lead 



white 

white 
white 

white 



white 

white 
white 



r white 
[orystallini 



ine j 



{brownish \ 
white / 



yellow 

green 

scarlet 
r orange* 
"I yellow 
[cryatalline 



white 
idiite 
white 
white 
red 

white 

white 

yellow 

white 



TABLE 07 BEACTIOira. 



277 



These ndioals may be recognised beet by the ineoluble ealtB which thej 
yield with certain boeic radicals, chiefly potassium, ammonium, and tiie 
vrgamc compound ammoniums. These insoluble salts are almost all of a 
ydlow, orange, brown, or red colour; and as they have been named or 
described under their reepeotiTe metals, they need not be again noticed 
herew 

These radicals may also be identified by their decomposition into new 
products, &c When, for instance, a stream of hydrosulphuric acid gas is 
passed through a neutral or add solution of chloroplatinate of sodium, one 
of the products of the reaction is sulphide of platinum. Thu reaction, de- 
in tiie appended equation, takes place with all the salts of the acid- 
contained in tins section : — 

2KPt01,+2H,S=2Za+4Ha+PtaSa. 



BBACnONa 



CIO 

(see page 257) ( 



ClO^ 

[see page 269) 



BrO, 

(see page 271) 



{ 



white 
crystalline 



} 



10. 

(see page 273) 



white 



r white 
\ crystalline 



} 



{ 



white 

yellowiah 
white 

white 
white 



} 



bluish green 

white 
white pearly 

white 



pta 

(see page 220) 



orange- 
yellow 
crystalline. 
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AncUysis of Svhdivtsion I. 

The acid^radicals of more common occurrence only being indnded, 
the salt may be a CHLORIDE, BROMIDE, IODIDE, FLU- 
ORIDE, HYPOCHLORITE, CHLORATE, BROMATE, 10- 
DATE, or a CHLOROPLATINATE. 



Bridenoe of the presence of any one of these salt-radicalB may be ob* 
tained by adding to the solid salt, or its strong solution, some oonoen- 
trated sulphuric add. The following effects will be produced, either 
immediately or on warming the mixture : — 

Pungent cohurUsB yspours (oi HCl^ indicate a chloride. 

" ^ ' Tof Br) indicate a bromide or bromato. 

(of I) indicate an iodide or iodate. 

!of Hl^, etching glass, indicate a fluoride, 
of ClgU), haying the odour of bleaching- 
powder, indicate a hypochlorite, 
(of 01,0^), explosive, indicate a chlorate. 



»» 



t> 



»t 



red'broum 
violet 
colourletB 
yellow 



n 
I* 



II 



fi 



oranye yellow „ 



Further Jnalysis. 
Throu^ the solution of flie salt, pass hydrosulphurio acid gas. 



A black precipitate 

of Pt^Sa would 

indicate the 

presence of 

PtCl,. 



If no precipitate, the solution may contain 
Cl,Br,orI; 
any CIO, BrO,, or 10., would have been decomposed 
by thepassage of the nydrosulphuric add. BoH to 
expel H^S; add nitrate of silyer. A white or yellow 
predpitate fidls, of 

Ago, AgBr. or AgL 

Add ammonia, and warm. 



Yellow rendue 

of Agl indicates 

I. 



If wholly dissolyed, test a por- 
tion of the original solution by 
means of Hn. O, and H^SO^ for 
dor Br. 
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SUBDIVISION II. 

SALTS OF OXYGEN, SULPHUR, SELENIUM, AND TELLU- 
RIUM, AND OF THE CHIEF COMPOUND ACID-RADI- 
CALS INTO THE COMPOSITION OF WHICH THEY 
ENTER, 

The membeiB of this subdivision present many analogies with 
those of the preceding ; three of them, sulphur, selenium, and 
tellurium, bear the closest relation to each other, exhibiting a 
curious progression towards the basic character, whilst a fourth, 
oxygen, has a more distant resemblance. In addition to the salts 
which these form by direct combination with basic radicals, there 
are many others in which sulphur, selenium, and tellurium exist 
in the form of a compound acid-radical contaioing oxygen or a 
metal. The majority of the salts of this subdivision are bibasic ; 
some, however, are tribasic. 

S»criOK I.-SALTS OF OXYGKN, SULPmiB, SELENIUM, AND 
TELLUBIUM. 

The oxides, sulphides, selenides, and tellurides. 

Sicrioii n.— SALTS OF THE COMPOUND ACID-RADICALS WHICH 
CONTAIN SULPHUB, SELENIUM, AND TELLURIUM COM- 
BINED WITH OXYGEN OR AMONG THEMSELVES, 

The hyposulphites, sulphites, hyposulphates, trithionates, tetra*- 
thionates, pentathionates, and sulphates ; the selenites, seleniates, 
tellurites, and telluriates. 

Sicnox m.— SALTS OF THE COMPOUND ACID -RADICALS 
WmCH CONTAIN OXYGEN AND SULPHUR COMBINED 
WITH METALS. 

The aluminates, chromites, chromates, perchromates, ferrites, 
ferrates, manganates, permanganates, bismuthates, stannates, 
metastannates, platinates, rhodiates, rutheniates, iridiates, os- 
mites, osmiates, aurates, tungstites, tungstates, molybdates, va- 
naditee, and vanadiates ; the sulphostannates, sulphoplatinates. 
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sulphorhodiates, sulphonitheniates, sulphiridiates, sulphosmiates, 
Bulphaurates, sulphotongstates, sulphomolybdates, and salpho- 
yanadiates. 

SscnoK I. — The oandes, sulphides, eelenides, and teUurides. 
BAJJLQ OF OXYGEN, SULPHUB, SBLENIUK, AND TBLLUBIUM. 

We have already seen that these four add-radicals are bibasic, 
and that the following formulae are some of those which belong 
to the various combinations of metab with oxygen — Q/L^\Oy 
MjO, (M3),0„ M,0,, M,0„ M^O,, — ^while, besides these common 
oxides, which can exist in the isolated condition^ there are niany 
others which play the part of acid-radicals, and are only known 
to us in combination with a basic constituent: such compounds 
are represented by the following formul» among others : — ^MO, 
MO,, M0„ M0«, M,0«, M,0,, &c. And in addition to these hy- 
pothetical compounds of metals with oxygen, there are numerous 
existing combinations of oxygen with other add-radicals. What 
has been here said concerning oxygen, is true also as regards 
sulphur, and to a great extent with reference to selenium and 
tellurium. 

In common with other polybasic radicals, the members of the 
present subdivision possess the power of combining with, and 
uniting in one salt, separate single equivalents of two dijflSarent 
basic radicals ; and although, in the class before us, one of these 
basic bodies is invariably hydrogen, yet, in salts containing more 
complex acid-radicals, two different metals are frequently com- 
bined with one and the same equivalent of acid-radical. The 
hydrates and sulphydrates already mentioned are salts in which 
this peculiarity occurs (1 eq. of hydrogen and 1 eq. of metal 
are united with a single equivalent of the biatomic radical oxy- 
gen) ; and they are comparable with the oxides and sulphides, in 
which 2 eqs. of metal are united with a single equivalent of the 
biatomic radical : — 

Oxides. Hjdntes. Sulphides. Sulphydntos. 

MMO. MHO. MMS. MBB. 
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The aalts of the present subdiyisioii may he recognised by the 
employment of the same means that are used for the detection ot 
the members of the preceding subdiyision : i. e., Ist, by the for- 
mation of insoluble compounds ; 2nd, by their decomposition^ and 
the subsequent recognition of their add^-element. 

SALTS OF OXTeXN, OB OXIDES, 

There are very many oxides known ; as a general rule they 
may be regarded as very stable salts. Many oxides are of bril- 
liant colours ; some are white. Several of the oxides which occur 
in nature, and also of those which have been fused or crystallized, 
possess a metallic lustre. 

Oxides, when heated upon charcoal, are firequently reduced to 
the metallic state ; some, indeed, are thus decomposed by heat 
alone, others by the joint action of heat and of the affinity, 
for the oxygen of the salt, which the carbon exerts. There are 
oxides, however, which can be decomposed only by the most 
powerful chemical agencies. The various blowpipe reactions of 
the metallic oxides have been already described under their re- 
spective metals. 

The Htdbatb of HrDHoexir (HHO), hydric add, or water, is a 
body too well known to need description : it plays the part of an 
acid, exchanging 1 eq. of hydrogen, under suitable conditions, 
for an equivalent of a different basic radical ; but so nicely are 
the opposing properties of its constituents balanced, that it is 
a very stable body, and is quite neutral with reference to a great 
many salts. This neutrality, combined with its vast solvent 
power on solids, liquids, and gases, renders water of the utmost 
service in chemical operations ; and in this capacity of a solvent 
it cannot be replaced by any known substance. The presence of 
water in certain salts as water of crystallization or of hydration 
is little understood; but perhaps it is connected in some way 
with this neutrality of which we have been speaking. 

There is no oxide known which is soluble in water without de» 
composition ; for all the oxides upon which water seems to exert 
a solvent action are in fact decomposed by it. When water is 
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viewed as hydric aoid, this change becomes intelligible; with 
oxide of potassium it may be represented thus — 

KKO+HHO-KHO+KHO. 
Water, indeed, may be regarded as the normal oxide of hydrogen, 
but, being itself the universal solvent, cannot be regarded as 
soluble. 

The presence of oxygen cannot be well ascertained by double 
decompositions in which oxides and hydrates are precipitated ; 
it is always preferable to employ otber means. Those me- 
thods which are admissible are of two kinds : in one we prove 
the absence of all other salt*radicals except oxygen ; and in tbe 
other we detect the oxygen by the decomposition of the salt 
under examination. 

For the sake of comparison with the salts of other add-radicalB, 
we give a few of the more important insoluble oxides and hy- 
drates, produced by the action of a solution of hydrate of potas- 
sium on the different metallic solutions, neither reagent being in 
excess. 

The PoTAsstTTM, SonnxM, and AioioimTK Salts (hydrates) are 
very soluble in water. 

Thb Basium, SrBONTmM, Cajjcuju, and Maokssium Salts (hy- 
drates) are somewhat sparingly soluble. 

The Cvpkoits Salt ([(XiO) is orange-yellow. It is soluble 
in most adds. 

The Cufbic Salt (CuHO) is blue. It is soluble in hydrate of 
ammonium, and in most acids. 

The Silvee Salt (Ag,0) is brown. It is soluble in hydrate of 
ammonium, and in most acids. 

The Mebcvbous Salt ([Hg,],0) is brownish black. It is 
soluble in most acids. 

The Mebcubic Salt (HgHO, H,0) is yellow. It is soluble in 
most adds. 

The Lbaj> Salt (Pb.HO,) is white. It is soluble in most 
adds. 

The other oxides and hydrates have been already described 
under their respective metals in Chapter YI. 
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a. The negative evidence mentioned above as being employed 
in the identification of the componnds of oxygen^ will not need 
farther description; but the method of recognizing the salts of 
the radical now nnder consideration, by its elimination, may be 
here noticed. 

fl. The oxides which can be decomposed into metal and oxygen 
by the mete action of heat are few in number. Of these the 
oxygen salts of silver, mercury, and gold are the most important. 
Lead also, imder certain circumstances, may be obtained by 
heating its oxide. If a small quantity of oxide of silver (Ag,0) 
be heated in a dry test-tube, it will readily split into metaJlio 
silver and oxygen gas, the latter being easily recognizable by the 
usual test, — ^the insertion, into the vessel used for the experiment, 
of the glowing end of a wooden match which has been previously 
lighted, allowed to bum for a minute, and then blown out. If 
there has been only a small quantity of oxygen liberated, the red- 
hot end of the match will only glow more brightly ; but if a con- 
siderable amount, it will be rekindled. 

SALTS OF BTILBinm, OB SULPHIDES. 

A great resemblance exists between these salts and the oxides, 
some of them possessing remarkably bnlHant colours, others 
again being of an intense brown colour, or even black. When 
fdsed, or naturally occurring in crystals, many sulphides have a 
peculiar metallic lustre. To these salts belong the same formukB 
as those given tmder the salts of oxygen. 

When heated before the blowpipe, sulphides are gene^rally de- 
composed, the sulphur they contain being oxidized iQto the sul- 
phurous or sulphuric radical, which remains combined with the 
metal ; but, on the othei hand, when the sulphites and sulphates 
thus produced are heated on charcoal, they are for the most part 
reduced to the state of sulphide. Sulphides, when heated alone in 
the air, often yield the oxide, and sometimes even the metal. 

The Htbeooei? Salt (H^S), hydrosulphuric or sulphydrio 
acid or sulphuretted hydrogen, is a gas at ordinary temperatures 
and pressures, possessing a peculiarly disagreeable and sickly 
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Kmell, and being very poisonoua and narootic. It may be con- 
densed, by combined cold and preesore, into a colourless transpa- 
rent liquid, more mobile and less adhesive even than ether, while 
ly farther cold it may be made to assume the solid form, and 
t hen appears as a white crystalline mass. The gas has a density 
of 1'191. Water dissolves about its own volume of sulphuretted 
'\ydrogen at the common temperature, forming a solution which, 
( y exposure to the air, oxidizes, a deposit of sulphur taking pbice. 
'.'.lie gas is combustible, burning with a blue flame, and may be 
ignited at a comparatively low temperature, as by a red-hot coal ; 
he products of its combustion are sulphurous anhydride (SO,) 
'.nd water: 

H,S+30=s:H,0+S0,. 

Most sulphides are insoluble in water, although many are 
soluble in adds. The sulphides of the first and second subdivi- 
nons are, however, soluble in water, though it may be presumed 
;iiat they really undergo a decomposition during solution, be- 
coming partially converted into sulphydrates, just as certain oxides 
yield hydrates under similar circumstances : 

KKS+HH0=O[8+KH0. 
With hydrosulphuric acid solution instead of water only, 2 eqs. 
of the sulphydrate are formed : 

KKS + HHSsKES + KHB. 

^e chief insoluble sulphides have been already described 
Muder their respective basic radicals ; for the sake of comparison, 
liowever, with the salts of other add-radicals, we give a list of 
»he more important, premising that, of the insoluble sulphides 
4ven, all but the six first are precipitable from their neutral 
f><>lutions by sulphuretted hydrogen. 

The PoTASsiuic, Sodiitx, Amxokiuh, Ba-hiux, BiBOimmc, Cai^ 
cnix, and Maokiesium SjOiTs are soluble. 

Thx Fbbbous (Fe, S) and Fxbbic ([Fe,], S,) Salts are black. 

The Maitoanotts Salt (Mn, S) b buff or flesh coloured, and 
soluble in dilute adds. 

The Cobalt (Go, S) and Nickel (Ni, S) Salts axe black, and 
soluble in dilute adds. 
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Thx Znrc Salt (Zn, 8) ia white, inaolable in water, bat soluble 
in dilate adds. 

The Cadmivx Salt (Cd, S) is bright yellow. 

The Ctjpbous ([CuJ. S), Cufric (Co, S), Silveb (Ag, S), Mer- 
CI7E0US ([Hg,], 8), Mebcitbic (Hg, 8), Lead (Pb, 8), and Palla- 
Dioxre (Pd, 8) Salts are black or brownish black, and insoluble 
or nearly so in cold water and in dilate acids. The capric sul- 
phate is easily oxidized by atmospheric oxygen into the solphate. 

The Staitkovs Salt (Sn, 8) is brownish black. 

The Stahkic Salt (Sn, 8,)) is white, inclining to yellow. 

The AiiTDcoinoxrs (Sb^S,), Aiteimohio (Sb, 8^), Absenious 
(As, 83), and Absenic (As, 8,) Salts are of a fine orange yellow 
colour, inclining to red. 

The presence of sulphur in its compounds may be reoognixed 
also by processes of decomposition : — 

o. Most sulphides, when warmed with strong hydrochloric or 
sulphuric add, decompose with evolution of hydrosnlphuric acid 
gas (the odour of which is so characteristic), and occasionally 
also with separation of sulphur : 

M,S+H,SO,«H,8+M,80,. 
When nitric acid is employed, the sulphide is generally oxidized 
and converted into the corresponding sulphate or nitrate (see 9.). 

/3. When an insoluhle sulphide is ftised with carbonate of 
sodium on charcoal, sulphide of sodium (Na,S) is formed; and if 
the mass be then scooped out, laid on a silver coin and moistened 
with water, a black stain (Ag, S) is immediately produced. 

y. When hydrosulphuiic and sulphurous acids meet in the 
presence of water, a white or very pale yellow precipitate of sul- 
phur is produced, while the solution will be found to contain an 
add known as pentathionic (H, 8^0,) : 

5H,8+6H,SO,«H,S,0,-f9H,0+5S. 

white ppt. 

i. Very generally, when sulphides are boiled with nitric acid, 
a separation of sulphur takes place, and the latter substance 
often fuses and floats as an oily globule upon the sur&ce of the 
liquid, solidifying, on cooling, in the form of a little cireolar cake. 
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ThiB action of nitric acid also gives rise to the sunnltaneons for- 
mation of sulphuric acid, and to the most highly oxygenated com- 
bination which the metal of the sulphide employed is capable of 
forming : thus with ferrous sulphide 



2Fe, S+10HNO3=2Fe, (N0,)3+H, S0^+4H,0+S+2N,0,. 
ferrous ferric nitrate, sulphuric ppt 

sulphide. acid. 

e. A very excellent test for the presence of sulphur in the 
form of a soluble sulphide (and by process /3. all insoluble sul- 
phides may be made to yield the soluble sulphide of sodium) is 
found in a solution of nitroprusside of sodium. The most minute 
trace of sulphur is discoverable by the magnificent violet or purple 
colour which a drop of a dilute solution of this reagent injne- 
diately produces. 

Hydrosulphuric acid and other soluble salts of sulpbri: are 
usually detected by the formation of coloured metallic sulphides, 
and particularly by their action on lead salts (which, for this 
purpose, may be applied in the form of aqueous solution to strips 
of white paper), and also by the tests a, /3, y, e. 

SALTS OF SKLEiriUM, OR SKLBTIOBS. 

A most marked resemblance exists between the selenidee and sulphides ; 
they do not, however, possess the same rariety of brilliant colours, most of 
tfaem, when freshly precipitated by hydroselenic acid (H, Se) being brownish 
black or flesh-coloured. Natural selenides often possess a metallic lustre. 

When heated on charcoal in the air, the selenium of these salts boms 
slowly with a reddish blue flame, with evolution of a most powerful odour 
of horse-radish, due to the formation of a gaseous oxide of selenium, probably 
SeO. Selenium is more slowly expelled from selenides, by this process of 
" roasting," than sulphur from sulphides. 

Ths Htdrogkn Salt (H,Se), hydroselenic add or seleniuretted hydro- 
gen, iB a gas under ordinary circumstances, of specific grayity 2-795. At 
first, its smell seems to resemble that of the corresponding sulphur acid ; bat 
it subsequently painfully affects the mucous membrane of the nose, and 
destroys the sense of smell. It is intensely poisonous. It bums with a 
bluish flame. It is more soluble in water than hydrosulphuric add ; the 
aqueous solution decomposes by exposure to the air, depositing selenium in 
red flakes. 

Most selenides are insoluble in water ; but they have not been much studied. 

Thb Potassium and Sodium Salts are the best known soluble selenides. 
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Thb BABimi and Srsoimuic Salts am Bolnble, trx CiLonm and Mao- 
irssiUM Sai;t8 nearlj iiuoluble in water. 

Thb MAKOAirasB Sai/t is palo red, ths Zino Salt yellow; tliey are both 
insoluble in water. 

Thi CrpRic, SiLYSB, MutouBio, and Liad Salts are blaek, becoming grey 
on drying ; they are insoluble in water or neutral solutions. 

The presenoe of selenium in its compounds may be readily recognised by 
sereral processes of decomposition : — 

a. Upon treatment of a selenide with hydrochloric or sulphuric add, 
hydroselenic acid is erolved, which may be recognised by its peculiar odour. 
Nitric acid generally converts selenides into selenites, with occasional sepa- 
ration of selenium. 

p, A selenide fused with carbonate of sodium on charcoal, transferred to 
a silyer surface, and moistened with hydrochloric acid, will produce a black 
stain. 

y. Sulphurous acid produces, in an aqueous solution of hydroselenic add, 
a bright reddish predpitate of selenium. 

S, ^Selenides heated on charcoal with carbonate of sodium or microcosmic 
salt^ give the characteristic odour of horse-radish. 

e. To detect traces of selenium, it is recommended to fuse the substance 
under examination with hydrate of potassium, to dissolre in water, filter, and 
expose the solution to the air ; if selenium be present it will slowly appear, 
causing a reddish turbidity, or it will separate in reddish flakes. 

Selenium may be conveniently recognised by the tests S. and s. 

SALTS OP T1LL17RIU1I, OB TBLLVBXBBS. 

These salts greatly resemble the selenides ; they, however, partake more of 
the character of alloys (or combinations of metals with one another) than of 
that of saline compounds. In tellurides the metallic appearance of the basic 
radical is scarcely masked by the tellurium ; even the potassium salt has a 
mf4jiHift lustre. The teUurides of the hewry metals, obtained by passing 
telluretted hydrogen through their aqueous solutions, are generally brown or 
black, and insoluble in water. 

When tellurides are heated on charcoal before the blowpipe, the tellu- 
rium bums with a blue flame edged with green, and emits a peculiar odour, 
different from that of selenium. 

Thb Htdbogbb Savt (H^Te), hydrotelluric add or telluretted hydrogen, 
is a gas of spedflc gravity 4'489, its odour somewhat resembling that of 
the corresponding sulphur compound. It is poisonous. It is absorbed by 
water, imparting to that solvent a pale red colour ; the aqueous solution, by 
ezpoenie to the air, becomes brown, from separation of tellurium. 

Most tellurides are insoluble in water ; but they have not been much studied. 

Thb PoTASsiuif and Sodium Salts are soluble in water. 

Thb Cupbic, Silvbb, Mbbcubio, and Lbad Salts are brown or black pre- 
dpitates, insoluble in water. 
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The prmenoe of teUurium in itB oonkponndfl maj be readily reoognised by 
sereral procesBeB of deoompoeition : — 

a. A teiluride treated with hydrochloric add ctoItob tollurelted hydrogen, 
the odour of which is characteristic. Nitric acid oonrerts telluridee into 
telliiriteB. 

p. A teiluride fused with carbonate of sodlom on charcoal, transferred to 
a silyor surfiace, and then moistened with hydrochloric add, imparts a brown 
stain to the metal. 

y. Sulphurous add and several other similar reagents produce, in aqueous 
solutions of hydrotolluric add, a dark brown predpitate of tellurium. 

^. If a teUuride be fused with hydrate of potassium, the fused mass dis- 
solyed in water, and the solution exposed to the air, tellurium will be pre- 
dpitated. 

Section II. — The hyposulphites, sidphkes, hyposulphates, tri- 
thionates, tetrathionates^ pentathionates, and sulphates ; the 
selenites, seUniates ; tellurites, and teUuriates, 

SALTS OF THE COMPOUND ACID-BADICALS WHICH CONTAIN 
SULPHUU, SELENIUM, AND TELLUEIUM COMBINED WITH 
OXYGEN OE AMONG THEMSELVES. 

The add-radicals which contain oxygen, snlphtLr, selenium, 
and tellurium are bihasic, like these elements themselves. A 
sulphate, just like a sulphide, maj contain two different basic 
radicals — I eq. of a metal, for instance, together with 1 eq. of 
hydrogen. With the sulphurous and sereral other acid-radicals 
of the present section, such compound or double combinations 
are known to occur ; and the remainder hi^ve not as yet been 
suffidently investigated. 

Of the actd-radicals containing sulphur combined with oxygen, 
those existing in the acids or hydrogen salts termed hyposul- 
phurous, sulphurous, and sulphuric are the most important in an 
analytical point of view. 

8ALT8 OF THE HTPOaULPHUROUS RADICAL, OB HTPOBULPHITBS. 

The hyponilphitee of the first and second eabdiyiBiona of the bade radicals 
are best known ; and firom them most of the other hyposulphites may be pre- 
pared. They may be formed in Tarioos ways : when, for instance, an alkaline 
sulphite is boiled with sulphur, the sulphur is dissolved in considerable 
quantify, the following reaction taking place : — 

Ka803+S=K,S,0,. 
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The sodium nit is largely prepared, and may be made by boilittg a strong 
flolntton of the hydrate with exoen of sulphur, and then passing sulphurous 
add gas (SO,), eraporatang and crystallising the solution. 

Many hyposulphites, when heated on charcoal, yield a large quanti^ of the 
ooiTCsponding sulphides. When heated alone with access of air, thqr yield 
water, sulphurous add, and sulphates ; out of contact of air they are resolyed 
into water, hydrosulphurio add, and sulphur, which volatilise, while a mix- 
ture of alkaline sulphides, sulphites, and sulphates remains. 

The hyposulphites of the first and second subdiyisions of the basic elements 
are tolerably stable if kept out of contact of air ; but the remainder are ex- 
ceedingly imstable, and can scarcely be said to exist Hyposulphurous an- 
hydride (S^O,) is itself a very unstable substance; but its dements being 
capable of uniting in other proportions to form compounds of extreme stabi- 
lity, readily yidd such products: any excess of sulphur left uncombined 
with oxygen is dther predpitated or, by entering into combination with a 
portion of the metal present, produces a sulphide. Thus hyposulphite 
of silyer (Ag^S,Og) undergoes the following dianges on heating, or by 
standing: — 

Ag^ S,0,-|-H,0=Ag, B+HjSO^. 

white blaek 

ItjpomilpUte nilphide 

of rilver. of iilTer. 

Thb Htdroobh Saw (^^8203), or hyposulphurous add, is beUeved to 
be produced when hyposulphites are decomposed by stronger adds, as when 
hyposulphite of lead is diffused in water at 0° C, and a stream of hydro- 
sulphuric add gas allowed to act upon it, — sulphide of lead bdng predpi- 
tated, and hyposulphurous add obtained in solution. This add, howerer, 
speedily decomposes, thus — 

BLSaO,=H, 80,4-8. 

bypo- tulpiiiiTOtii 
ralpnurooi add. 
add. 

The hyposulphites may be recognised by the fennation ef certain insoluble 
salts, and by the deoompodtion of their add-radical. 

The hyposulphites of the first and second subdivinons of basic radicals are 
soluble, with die exception of the barium salt. Nearly all the remaining 
salts are, as far as known, insoluble in water. 

Ths Potassivh and Sonnm Balts ave soluble. The latter is much em- 
ployed in photographic processes, for dissolving iodide, bromide, and chloride 
of diver. 

Tm Babittm Salt is produced by the action of a soluble barium salt on a 
tolerably concentrated solution of hyposulphite of sodium (Na^S^O,). Its 
formula is Ba^ 8^ O, -h aq. It is somewhat soluble in water, soluble in hydro- 
chloric add, while with nitric add it is converted into the sulphate. 

Ths Strontium, Calcium, and Magnbsium Salts are soluble. 

Thb Ferrous, Cuprous, and Cupric Salts, also many other salts of the 
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metals contained in (ihe third and fonrth subdiTidonB of the hasic radifials, 
are soluble in water. 

Thb Silvbb Salt is a white {Hrecipitate, which becomes yellow, red-brown, 
and finally black, sulphide of sUyer being produced. Its formula is Ag, S, O,. 
It is dightly soluble in water, and very soluble in alkaline hyposulphites ; if 
to this solution a soluble chloride be added, it gives no precipitate when excess 
of alkaline hyposulphite is also present. 

Thb Mbbcubous Salt does not appear to exist, a black predpitato of sul- 
phide being produced. Thb Mbbcubio Salt is white or yellow, becoming 
brown or black on boiling, from formation of mercuric sulphide. 

Thb Lbad Salt is a white precipitate, which becomes black below 100*^. 
Ito formula is Pb^SaO,. It is soluble in 3266 parts of water, and easily 
diBSolves in alkaline hyposulphites. By nitric add it is converted into the 
sulphate, which is very insoluble. 

The hyposulphites may also be recognized by the following processes <^ 
decomposition : — 

a. When an add is added to a soluble hyposulphite, an immediate pre- 

dpitation of sulphur occurs, the hypoeulphurous add set free being at once 

resolved into sulphurous add and sulphur : 

Naa S., O3+2H01=2Naa+Ha 0+SOa+S. 

ppt. 

The sulphurous acid (H, SO3) decomposes instantly into water and sulphu- 
rous anhydride, the latter being readily recognizable by its odour. 

/3. When a hyposulphite is fused with carbonate of sodium on charcoal, a 
sulphide is obtained which, when treated with an add upon a silver surfaoe, 
gives a black stain of sulphide of silver, while hyposulphites previous to 
fusion give no sudi result 

y. When a soluble hyposulphite is brought in contact with a hydrochloric 
solution of stannous chloride, a brown predpitate of stannous sulphide is 
produced. 

ThJB radical is generally recognized by the decompositions which its varioos 
combinations so easily undergo. The changes which the hyposulphite of 
silver suffers, and the tests a, j3, and 7. are perhaps the most diaracteristio 
examples of these methods of identification. 

SALTS OF THE SULPHUROUS BADICAL, OB SULPHITES. 

These salts are bibasic. They are of much easier production 
than the hyposulphites, and are much more stable. Sulphurous 
anhydride (SO,) is produced whenever sulphur is burnt in the 
air ; and from it the sulphites may in general be obtained. Sul- 
phites have a tendency to absorb oxygen from the air, especially 
when kept moist or in solution, and by so doing pass into sul- 
phates : 
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M,SO,+0«M,SO^. 
On account of this properly^ sulphurous acid and other sulphites 
are employed as reducing agents. 

Heated on charcoal, many sulphites yield the corresponding 
sulphides, while others are reduced to the metallic state. 

Thb Htdbogest Saxt (H,S0,), sulphurous acid, is known to 
exist only in combination with water, the compound having the 
formula H^SOy+Saq, and occurring in white crystals. It is 
decomposed with great readiness into the substance known as 
sulphurous anhydride, or sulphurous add gas (SO,), and water. 
This gas has a density of 2'222 ; its odour is most unpleasant, 
and produces a painfdl choking sensation. By a cold of —12^ 
it may be liquefied, and at a lower temperature it may even be 
solidified ; it may also be rendered liquid by the pressure of fix>m 
three to five atmospheres at the ordinary temperature. 

The sulphites may be recognized not only by the formation of 
insoluble salts, but also by the transformation and decomposition 
of their acid-radical. 

The majority of the sulphites are insoluble in water and in 
saline solutions. The sulphites of the alkahne metals and the 
acid sulphites (MHSO,) are, however, soluble. All sulphites are 
readily soluble in weak acids, the sulphurous acid being easily 
displaced. Of the insoluble sulphites the most interesting and 
characteristic are the barium, cuprous, argentic, and plumbic 
salts. 

The PoTASsniM and Sonnnc Salts are soluble. 

The Barium Salt is produced by the action of soluble barium 
salts on solutions of the alkaline sulphites. It is a white preci- 
pitate, having the formula Ba^SO,. It is scarcely soluble in 
water, but soluble in sulphurous, hydrochloric, and dilute nitric 
acid, if the sulphite were quite free from sulphate. Upon slightly 
heating the nitric add solution, the sulphite of barium it con- 
taiQS is converted into sulphate, which, being very insoluble, is 
immediately predpitated. 

TwR Cttfboxts Salt is obtained when a cupric salt is mixed with 
an alkaline sulphite, the cupric sulphite first formed splitting 

o2 
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into cuprous sulphite, cupric solphatei and sulphurous an- 
hydride : 

3Cu, SO3 « (Cu,), SO3 + Cu, 80^ + SO,. 

caproufl 
sulphite* 

It is a light brown precipitate, scarcely soluble in water, soluble 
in ammonia water and dilute sulphuric acid, but decomposed by 
most acids. 

The Argentic or Silver Salt is precipitated from silver salts 
by a soluble sulphite, as a white granular precipitate, which, when 
boiled in the solution from which it has been deposited, decom- 
poses into metallic silver, and sulphuric acid which remains in 
solution. The formula of the argentic sulphite is Ag, SO,. 

It dissolves in alkaline sulphites, and in ammonia water, but 
scarcely in sulphurous acid or water. 

The Mebcubt Salts do not appear to exist. 

The Lead Salt is a white precipitate, which has the formula 
Pb, SO3, and which is insoluble in water, decomposed by strong 
acids, and by nitric acid especially ; with the aid of heat it is 
converted into sulphate. 

Sulphites may also be recognized by the decomposition of their 
acid-radical : — 

a. Sulphurous acid, when produced by the action of strong 
acids (such as hydrochloric acid) upon sulphites, decomposes in- 
stantly into sulphurous anhydride (SO,) and water, no mJphwr 
being jpredpitated. 

j3. Sulphites fused with carbonate of sodium on charcoal yield 
sulphide of sodium, which may be recognized by its action on 
metallic silver. 

y. A hydrochloric solution of stannous chloride added to a 
soluble sulphite produces a gradually increasing precipitate of 
brown sulphide of tin. But if to the solution of a soluble sul- 
phite some quantity of hydrochloric acid be first added, and sub- 
sequently some stannous chloride, — and if, under the glass plate 
which covers the containing vessel, a slip of lead paper be sus- 
pended, this latter will speedily be blackened by the sulphuretted 
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hydrogen given off. The formatioii of the brown or brownish 
yellow predpitate of entilphide of tin, and the evolution of hydro- 
snlphniic add, are due to the tendency which sulphites possess 
to pass into sulphates, by a change in which a portion of sul- 
phur already combined with oxygen parts with that element, 
in order to increase the proportion of oxygen in the remaining 
compound. The sulphur thus liberated unites either with tin or 
hydrogen, according to the conditions of the experiment. 

Z, The action of sulphuretted hydrogen (H, S) upon sulphurous 
anhydride (SO,) has been already described (p. 285, y). 

e. Soluble sulphites treated with zinc and hydrochloric acid 
evolve sulphuretted hydrogen, which may be tested in the usual 
way with lead paper. 

(. A soluble sulphite acidified with hydrochloric acid, de-* 
colourizes permanganate of potassium (KMn^O^), reduces feme to 
ferrous salts, and in general exerts a powerful reducing action. 

The methods chiefly employed for the recognition of the sul- 
phites are these : — ^the precipitation and metamorphoses of the 
barium and silver salts, and the tests a, )3, y, d,€,(; they are 
more particularly distinguished from the hyposulphites by the 
test a, in the case of the sulphites no precipitate occurring, while 
with the hyposulphites a deposit of sulphur takes place. 

BALT8 or TBI BTPOBULPHVBIC RADICAL, OB HTP08UI.PHAT1S. 

The manganese salt of this radical is generally prepared ; and from it the 
other oompoimdB may be obtained. Binozide of manganese suspended in 
water, and sulpharous add gas (SO,) passed tbrou^ it, yields hyposulphate 
of manganese tolerably free from sulphate if the temperature of the solution 
be low ' 

Mn,0a+2S0a=Mn, SjO.. 

When heated, in some eases only to 100^, these salts evolve 1 eq. of sul- 
phurous add gas» and leave a neutral sulphate : 

Muj S,Oe=Mn, SO^-hSO,. 

Thx Htdbookn Salt (H^SgOg), or hyposulphuric add, is a strongly add 
liquid, which by exposure to the air is conTerted iuto sulphuric add; by 
ebnllitdon it also dsoompoees, just as the other salts decompose, riz. — 

HaSaO.rrBLjSO^+SO,. 

Tkere an no known J^postUpkatea inaoluble in water. 
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The hyposolphatefl may be identified by the deoompodtion of their add- 
radical: — > 

a. The addition of a strong add to a hjpoeulphato liberates hypoeulphuric 
add ; and if the solution be then boiled, sulphurous add gas escapes, sulphuric 
add remaining in solution, which may be tested in the usual manner : no 
deposit of sulphur takes place. 

/3. Fused with carbonate of sodium <m oharooal, hyposnlphates yield 
sulphide of sodium. 

y. Dilute hyposulphuric add, or a soluble hyposulphate addiSed with 
hydrochloric add, dissolves adnc without forming hydrosulphurio add ; but 
after ebullition it behayes as a solution of sulphurous add would. 

d. Hypoeulphuric add does not deoolourize permanganate of potasdnm, 
nor reduce ferric sulphate, nor predpitate sulphur irom hydrosulphurio 
acid ; but after boiling it behaves as sulphurous add. 

For the detection of this radical the tests just described may be used, 
while, for distinguishing it from the hyposulphurous and sulphurous radi- 
cals, the reactions desoribed under y. and ^. may be employed. 

SALTS OF THE TRITHIONIC RADICAL, OR TRITHI0FATE8. 

Of these salts, which are prepared with difficulty, that of potasdimi is the 
only one well known. The general formula of the salts is M^SjOg ; they 
are all soluble in water, and are easily destroyed. 

SALTS or THl TBTRATHIONXO RADICAL, OR TETRATHI0NATE8. 

Several tetrathionates are known, which are not very soluble in water, 
and much more stable than the trithionates. The Hydrogen Compocnd 
(H2S4O0) may be boiled without decompomtion, thus differing from trf- 
thionic add. 

m 

SALTS OF THE PENTATHIONIC RADICAL, OR PENTATHI0NATB8. 

The pentathionates are very prone to decompodtion. Their general for- 
mula is MjSsO,; but one or two add salts (MHS^O^) are known. Tbx 
Hydrogen Compound is very soluble in water, has an intensely add taste, 
and gives predpitates with copper, silver, mercury, and lead salts, of various 
colours at firsts but which speedily become dark brown or black, the sulphide 
being formed. 

SALTS OF THE STTLPHUBIC RADICAL, OB SULPHATES. 

The salts of the sulphuric radical are more stable than those 
of any other acid-radical containing sulphur and oxygen ; and it 
is indeed remarkable in this respect among compound add- 
radicals in general. It is in the form of combination which we 
are now considering that sulphur ezistB, to a considerable ex- 
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tent^ in nature, and sapplies the necessaiy quantity of this ele- 
ment to the animal and vegetahle economy. The sulphates are, 
with few exceptions, soluble salts, and are met with in all, or 
almost all, the different vaiieties of water found in the earth. 

Many sulphates, when heated alone on charcoal, yield the 
inetal ; others, such as those of magnesium and zinc, are resolved 
into metallic oxides, — ^while some few give a residue of sulphide. 
In all cases, howeyer, a mixture of sulphurous (SO,) and car- 
bonic (GO,) anhydrides is evolyed. 

Thb Htdboobn Salt (H,S0^), or sulphuric add, is a dense 
liqidd, to which the common term '' oil of vitriol" is by no means 
inappropriate. The density of the acid H,SO^ is 1-848; it 
eyolves great heat when mixing with water, and combines with 
it to form a hydrated sulphuric add. which is strictly analogous 
to a sulphate with 1 equivalent of water of crystallization, has 
the formula H^SO^-j-aq, and crystallizes at 9° C. Other such 
hydrates are known, sudi as H, S0^+2aq. There is an acid ob- 
tained by distilling ignited and oxidized ferrous sulphate and 
receiving the products in ordinary oil of vitriol, which is termed 
Nordhausen sulphuric acid, or fuming oil of vitriol : this liquid 
has a specific gravity of 1*896, and contains dissolved in it a 
substance which is known as anhydrous sulphuric acid, or sul- 
phnric anhydride (SO,), and which may be separated firom the 
fuming add by distillation. Thus obtained, it occurs in long 
silky needles; it bears the same relation to sulphuric acid 
(H, SO^) as sulphurous anhydride (SO,) does to sulphurous add 
(H,SO,). 

The great majority of the normal sulphates (M, SO^), all the 
add sulphates (MHSO J, and all the so-called tersulphates are 
soluble in water. The few sulphates that are insoluble or spar- 
ingly soluble in water are dissolved to some extent by strong 
sulphuric add. 

Sulphates may bo recognized by the formation of insoluble 
salts, and by the decompodtion of their acid-radical. 

The barium, mercuric, and lead salts are among the more im- 
portant insoluble sulphates. 
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Thb PoTAssrffx and Sodium Sai/ts are soluble. 

The Barinm Salt is produced by the additioii of a soluble 
barium salt to sulphurie acid, or to a neutral or add solution of 
any sulphate : it is a heavy white precipitate. 

Its formula is Ba, SO^. 

It requires 43,000 parts of cold water for its solution, and 
is but slightly more soluble in hot water, adds, or saline solu^ 
tions, although there are drcumstances in which certain organic 
salts, those of citric acid especially, preyent the predpitation of 
sulphate of barium. It dissolYes sparingly in concentrated sol-' 
phuric acid. 

The Stboittiitk Salt is produced by the addition of a soluble 
strontium salt to sulphuric add or to solutions of soluble sul* 
phates (even of sulphate of caldui^ : it is a white precipitate. 
Its formula is Sr,, SO^. It is soluble in 6895 parts of water at 
14% and in 9638 parts of boiling water. 

The Calcium Salt is produced by the addition of a soluble 
calcium salt to sulphuric add or to solutions of soluble sulphates. 
It is a white predpitate, to which the formula Ca^SO^+^aq haa 
been assigned. It is far more soluble than the corresponding 
strontium salt, 1 part requiring only 460 parts of boiling or cold 
water for its solution. 

The Maonesium, Fesbous, Febbic, Makgaitous, Cobalt, Nickel, 
Zinc, Cadmium, Cuprous, and Cupbic Salts are soluble. 

The Silteb Salt (Ag^SO^) is sparingly soluble, 1 part re- 
quiring 87 of water for solution ; it is more soluble in nitric add, 
and very much more soluble in sulphuric add. 

The Mebcubous Salt is produced by the addition of a so- 
luble mercurous salt to suLphuric add or a soluble sulphate. 
Its formula is (Hgg)2S0^. It is somewhat soluble in water; 
but a basic salt is thereby produced. It dissolves in di- 
lute nitric add, but is reprecipitated on the addition of dilute 
sulphuric add. It dissolves abundantly in strong sulphuric 
acid. 

The Mebcubio Salt is obtaiued by predpitating a mercuric 
salt with a soluble sulphate at a high temperature. It is a bade 
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salt (Sg^m^^SSg^O). It diflsolyes in 2000 ports of cold, or 
600 of boiling water. 

The Lsad Salt is obtained by the addition of a soluble lead 
salt to solphuric add or a solution of a soluble sulphate. It is a 
dense white precipitate. Its formula is Pb, SO^. It dissolves in 
22,816 parts of water at 10°, and in 36,506 of dilute sulphuric 
add; it is more soluble in concentrated sulphuric acid, and also 
in nitric add. Certain ammonium salts also dissolve it sparingly. 
The sulphates may also be recognized by the following tests : — 
a. When sulphates are acted on by strong mineral acids, no 
apparent liberation of the add (H^SOJ takes place, nor is any 
characteristic reaction produced. 

^. Sulphates, when fused on charcoal with carbonate of so- 
dium, are reduced, in common with other salts of radicals con- 
taining sulphur and oxygen, to sulphides. 

y. Sulphuric add and sulphates do not yield any trace of 
hydrosulphuiic add on the addition of hydrochloric acid and 
stannous chloride. 

3. Sulphuric add and sulphates give no characteristic reaction 
with sulphuretted hydrogen. 

e. Sulphuric add and sulphates are not reduced to a lower 
stage of oxidation by hydrochloric acid and zinc. 

(. Sulphuric add and sulphates exert no reducing action upon 
ferric salts, &c. ; nor do they decolourize permanganate of po- 
tassium. 

This radical is generally recognized by the formation of the 
insoluble barium salt, and by the test /3, — ^while it is distin- 
guished from the other radicals containing sulphur and oxygen, 
by the absence of reaction on the application of the tests 

Cf the acid^adieab containing selenium combined with oxygen^ only two 
are known — ^the aelenious and Mlenio ; for the oombination of aelenium with 
oxygen, the gna (SeO), to which ia attributed the odour of horaeradiah produoed 
whenerer aelefnium or a Heleninm compound ia heated strongly in the air, 
appears itself to poeseea no add charaoten. 
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SALTS OP THE SZLENIOVS RADICAL, OB BBLBiriTBS. 

When selenium is burnt in air, or treated with nitric or nitrohydrochloric 
acid, the compound SeO, is produced, analogous to the gas SO, ; the former 
compound is, however, a crystallme solid, which Tapourizee at about 300° G^ 
yielding a gas of the colour of chlorine. This body yields the salts termed 
selenites when brought into contact with basic oxides. Selenites easily de- 
compose with reducing agents, giving a deposit of selenium, but are not 
readily oxidized ; nitric add does not conyert them into seleniates. 

When heated alone on charcoal, seLenites leaye a residue of Hftlenide^ or, 
parting with the whole of their sflleninm, of mefasllic oiide. 

Thi Hydroobn Salt (HaSeO,), or selenious add, may be obtained from 
the aqueous solution of the anhydride (SeO,) in crystals resembling those 
of nitre, and soluble in alcohol : when heated, selenious add decomposes 
into water and selenious anhydride (SeO,), irhkh sublimes. 

The migority of the normal selenites are insoluble in water; the Bdenites 
of the alkaline metals and the add selenites are, however, soluble. Thej 
may thus be recognized not only by products of decompodtion, but also by 
the formation of insoluble salts. 

Of the insoluble sdenites, the barium, caprfb, silyer, mercuric, and lead 
salts are the most remarkable. 

Thb Potassium and SonirM Salts are soluble. 

The Barium Salt is produced by the addon of a soluble barium salt on 
a soluble selenite: it is a white predpitate. Its formula ii Ba^SeO,. It is 
insoluble in water, but soluble in sdenious, hydroddorio, or nitric add. It 
is not converted into seleniate by nitric add, thus diifering from the sulphite. 

Thb Stbontium, Calcium, and Maobbbium Salts are white preoipitates, 
insoluble, or sparingly soluble, in water. 

Thb Fbrrous, Fbrric, Zinc, Cuprous, and mabt othbr Salts containing 
metals of the third and fourth subdivinons are white predpitates, insoluble 
in water. 

Thb Cupric Salt is a crystalline greenish blue predpitate, ioaoluble in 
water and selenious add, but soluble in ammonia water. 

Thb Silver Salt is a white crystalline predpitate (Ag^SeO,) sparingly 
soluble in cold, more so in hot water : it easUy dissolves in nitric add ; and 
from this solution water predpitates it. 

The Mbrcurous Salt is produced by the action of soluble mercurous 
salts upon solutions of sdenites or selenious add. It is a white predpitate, 
insoluble in water and selenious add. 

Thb Mercuric Salt is a white predpitate, insoluble in water. 

The Lead Salt is predpitated by a soluble lead salt from solutions of 
selenites or selenious add : it is a dense white predpitate. Its formula is 
PbjjSeO,. It is almost insoluble in water or in selenious add, and but 
sparingly soluble in hydrochloric or nitric add ; it dissolves in hot nitric 
add without decompodtion. 
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But seleiiites may also be readily reoognued by the deoomposition of their 
aoid-radioal : — 

a, BeleniteB heated on oharooal in the reducing flame pre a moet power- 
fhl odour of horseradiah, and often a white incrustation of eelenioue an- 
hydride. 

p. Selenitee do not giye any ehanMHsenetic reactions on the addition of 
strong adds. 

y. Selenites fused with carbonate of sodium on oharooal, and the resulting 
mass placed on a silrer coin and moistened with water, give a brown stain 
of selenide of silver. 

d, Selenites are reduced, giving a red deposit of selenium, by a hydro- 
chloric solution of stannous chloride, by ferrous salts, and some other re- 
ducing agents. 

c. Hydrosulphurio acid passed through the aqueous or add solution of 
a selenite of the first and second subdivisions, gives a reddish yellow pre- 
dpitate of selenious sulphide (SeS,), which is soluble in sulpMde of am- 
monium. 

C If a solution of a selenite containing a metal of the first or second subdi- 
vision be addified with hydrochloric add, and a plate of iron or zinc im- 
mersed in it, the selenium is depodted dther as a copper-coloured film, or 
in red-brown or greyish-black fiakes. 

f|. If sulphurous add gas be passed through a neutral or addified so- 
lution of a sdenite, a red predpitate of selenium is produced in the cold, a 
grey one if the solution be heated. 

$, Selenites ignited in a hard glass tube with chloride of ammonium give 
a sublimate of selenium. The sdenite of ammonium formed in the reaction 
decomposes in the foUowing manner : — 

3(NH,)a SeO, =3 Se+4N +2NH, +9Ha O. 

Selenites may be recognized by the formation of the insoluble barium and 
and lead salts, and by the tests a, «, ^, 9, and 9, while they are more particu- 
larly discriminated from the sulphites by the tests /9, C and 9, 

BAI/n OF THE BBLSIIO KADIGAL, OB 8SLSKUTB8. 

By the action of fusing nitrate of potasdum upon selenium, sdeuides, or 
sdenites, sdeniates are formed ; the action of chlorine on solutions of alka- 
line selenites also yidds the same products. Seleniates greatiy resemble the 
sulphates. 

Seleniates throvm on glowing charcoal detonate and evolve the charac- 
teristic odour of horseradish, generally leaving a reddue of selenide. 

Ths Htdroobh Salt (H^SeO^), sdenic add, has never yet been obtained 
in the pure state ; for, as its aqueous solution evaporates, it exhibits a great 
tendency to decompose into sdenious add and ozygen. From this prone- 
ness to change, it has not yet been found posdble to obtain the selenic 
anhydride (SeO,), corresponding to sulphuric anhydride (SO3), dnee the 
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solution of selenic add (which haa nearly the formula B^QeO^), when heated 
above 285°, decomposes rapidly into selenious anhydride, water, and oiygen. 
The concentrated add eYolyes nearly as much heat when mixed with water 
as sulphuric add ; it also absorbs water finom the air. 

The great minority of the seleniates are soluble in water. This radical 
may, however, be recognized not only by its deoompositiona, but by those few 
characteristic insoluble salts which it forms. 

Of the insoluble seleniates those of barium, strontium, and lead are the 
most characteristic. 

The Potassium and Sodium Salts are insoluble. 

The Bariuin Salt is produced by the action of soluble barium salts 
upon solutions of selenio add or of seleniates. Its formula is Ba^SeO^. It ia 
insoluble in water, and in hydrochloric or nitric adds; by long boiling* 
however, with hydrochloric add, it is gradually decomposed and dissolTed, 
being converted into selenite, thus — 

Ba2Se04+2HaeBaaSeO,+H;0+2CL 

The Strohtivm Salt is a white powder, nearly insoluble. 

Thi Calcium Sai/t is unknown ; the Magkbsium Bai/i is soluble. 

The Fbbbous, Zinc, Cufrio, Silvbb, and many otbsb SAi;rs containing 
metals of the third and fourth subdivisions are soluble. 

The Lead Salt is a white predpitate, insoluble in water. 

Seleniates maybe recognized by the following processes of decomposition : — 

a. Seleniates heated before the blowpipe on charcoal detonate^ emitting an 
odour of horseradish. The same odour is perodved when these salts are 
heated with borax or miarocosmic salt. Heated with oarbooate of sodium, 
they give the same results as sdenites. 

p. The strong adds in general exert no apparent decomposing influence 
upon sdenites ; hydrochloric add, however, long heated with sdenic add 
or sdeniates, gradually reduces the add to sdenious add, and the salts to 
sdenites. 

y. A hydrochloric solution of stannous diloride exerts no decomposing 
action upon sdeniates. 

d. Sulphurous add gas (SO,) or zinc with hydrochloric add exert no 
decomposing action upon the sdenic radical ; but both sdenic add and the 
sdeniates give reactions of sdenites, after their solutions have been boiled 
for some time with hydrochloric add. 

Seleniates are most readily identified by the formation of the insoluble 
barium and lead salts, and by the action of boiling hydrochloric add upon 
them ()3.). 

Of the acid-radicah containing teUuHum combined with oxygefOy only two 
are known. These bear the dosest analogy in compodtion to the oompounda 
of selenium ; their hydrogen compounds are known as tellurious (JB^TeO,) 
and telluric (H,Te04) adds. 
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SALTS OF THB TBLLUBIOVB BADIOAL, OB VBLLXlKtnB, 

Tellurium heated in tihe air or boiled with nitric or sulphuric acid yields 
a body, tellurious anhydride (TeO,), the analogue of SO, and SeO^. It is a 
white crystalline body, volatile at a high temperature, and fusible at a low 
red heat to a yellow liquid. When brought in contact with water or metallic 
oxides, saline combinations are formed, many of which are easily deoom^ 
posed, even by the carbonic acid of the air. 

Tellurites, heated with charcoal, generally yield tellurium, and a white 
incrustation of tellurious anhydride ; they also impart a green colour to the 
flame» 

Thb Htdboobn Salt (H^TeOs), or tellurious acid, occurs in white yoIu- 
minous flakes, which are earthy when diy, redden litmus paper, and haye a 
sharp metallic taste. This acid, when mixed with water, is resolved at 40^ 
into water and the anhydride. The body TeO^ partakes much of the dharaoter 
of a metaUio oxide ; and the corresponding sulphate and nitrate are also 
known. 

The tellurites, with the exception of those of the first subdivision, are in- 
soluble, or very sparingly soluble in water. The insoluble salts are ia general 
dissolved by concentrated hydrochloric acid. 

Thb Potassium and Sodium Sai/tb are soluble. 

The Barinill Salt is a white voluminous precipitate, veiy slightly soluble 
in water, but soluble in strong acids. It is produced by adding together 
solutions of chloride of barium and normal tellurite of potassium (E^TeO,). 

Thb Stbobtium and Calcium Salts are sparingly soluble ; thb Maobbsium 
Salt much more so. 

Thb Fbbbous, Fbbric, Zikc, and mabt othbb Salts containing the metals 
of the third and fourth subdivisions are yellow or white insoluble precipitates. 

Thb Cupbic Salt is a green precipitate, insoluble in water. 

Thb Silvbb Salt Ib a yellowish white precipitate, insoluble in water, but 
soluble in hydrate of ammonium. 

Thb Mbbcubous Salt is yellow when fireshly deposited, bat rapidly be- 
oomes brown. 

Thb Mbbcubio Salt ia a milk-white precipitate. 

Thb Lbad Salt is white, and, though nearly insoluble in water, dissolves 
readily in adds. 

Tellurites may be recognised by the following processes of decomposition : — 

a. When hef^ted before the blowpipe on charcoal in the reducing flame, 
they impart a green colour to the light. 

p. The addition of a few drops of add, even of the weakest, to a soluble 
tellurite, decomposes it, liberating and predpitating the add in white flakes. 

y. Most tellurites (the zinc, silver, and some other salts excepted), when 
fuMd with carbonate of sodium on charcoal, give a saline mass, which, when 
dissolved in water, forms a wine-red solution of telluride of sodium. 

i, A solution of stannous chloride, added to solutions of teUuriteSi espe* 



303 CHEMICAL BEACnOKS. 

oially on the addition of hydrochloric acid, prodnceB a brown-black pre- 
cipitate of telluriom, which, when preseed and robbed, ezhibits a metallic 
lustre. 

«. Hydroflulphuric add precipitatee, firom solutions of teUurites, a black 
powder of sulphide of tellurium (TeS^), soluble in sulphide of ammonium. 

Z' The metals zinc, iron, copper, &o. precipitate tellurium from teUurites 
as a black powder ; lead precipitates it in dendritic masses. 

17. Sulphurous add produces a predpitate of tellurium. 

B. Tellurite of ammonium does not decompose in the same way as the 
selenite. 

Tellurites may best be recognized by the formation of the barium salt, and 
by the tests j3, y, S, e, C» Vi — ^while they may be distinguished from the 
sulphites by the same experiments, and from the selenites by the test B. 

SALTS OF THS TELLURIC RADICAL, OR TBLLURIATE8. 

The most common telluriate, that of potassium, is made in the same way 
as the seleniftte, by fusing tellurious anhydride, (TeO,) with nitrate of po- 
tassium, or by the action of chlorine on tellurite of potaadum. 

Heated on diarooal before the blowpipe, many telluriates yidd tellarium, 
the reduction being frequently attended with slight detonation. When 
heated strongly alone, many telluriates fiise, become yellow or brown, and 
erolye oxygen, yidding teUurites. 

Thb Htdroosit Salt (H2Te04), or tdluric add, ia prepared from the 
barium salt It may be crystallized as the hydrated add (H^TeO^+H^O). 
This, heated to 160^, gives the add HgTeO^ ; and this, if more strongly 
heated, yields the anhydride TeO,, an orange-yeUow crystalline mass (the 
analogue of SO, and SeO,). The crystallized add is very soluble in water, 
but insoluble in alcohol. 

The teUuriates of the first subdiyidon are soluble ; the rest are insoluble, or 
nearly so. 

Ths Potassivx and Sodium Salts are soluble. 

Th6 Barilim Salt is at first a bulky white predpitate, which graduaUy 
becomes denser. Its formula is Ba^TeO^. It is slightly soluble in cold water, 
more so in hot, and eadly dissolres, without decompodtion, in nitric add. 

Ths Strohtium, Calcium, and MAaNssiuM Salts are somewhat mofe 
soluble in water than the barium salt 

Ths Ferrous, Ferric, and most other Salts containing metals of the 
third and fourth subdiTidons are insoluble, or nearly so, in water. 

The Cupric Salt is pale green. 

The Silyer Sai/t is deep yeUow. It is soluble in hydrate of ammonium. 

The Mercurous Salt is yeUowish brown. 

The Mercuric Salt is a bulky white predpitate. 

The Lead Salt is a white, heavy, somewhat soluble predpitate. 

TeUuriates may also be recognized by the foUowing processes of decom- 
podtion: — 
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a. TellimatoB, when hasted on oharooal before the blowpipe in the reducing 
flame, impart to it a green colour, often detonating slightlj and yielding 
telloriom and a white sublimate of telluriouB anhydride (TeO,). 

/3. By the action of boiling hydrochloric acid, teUuriatee are reduced to 
tellurites. 

y. With carbonate of sodium on charcoal, telluiiates (like tellurites) give a 
mass containing telluride of sodium. 

i. Sulphurous acid gas (SO,), passed into a hot hydrochloric solution of a 
telluriate, precipitates the tellurium. 

Telluriates may be recognized by the formation of several insoluble com* 
pounds, such as that of barium, and by the tests a. and j3. 

Of the add-radicals containing tellurium combined with sulphur, only 
two are known. Their salts are termed sulphotellurites and sulphoteUuriates. 
The sulphotellurites containing the metals of the first and second subdirisions 
are yellow crystalline salts, soluble in water : the insoluble salts of the third 
subdivision are white or yellow ; of the fourth, brown or black. The sulpho- 
teUuriates have scarcely been examined. 

SEcnoN m. — TTie aluminates, chromites, chroniates, percliromateSy 
ferriteSy ferrateSy manganates, permanganates, hismvthates, 
stawnates, metastannates, platinates, rhodiates, rutkeniates, 
iridiates, osmites, osmiates, aurates, tungstites, tungstates, 
molyhdaieSf vanadites and vanadiates ; the sulphostannates, 
sulphoplatinates, sulpharhodiates, indphorutheniates, stdph- 
iridiates, sulphosmiates, suiphavrates, sudphomolybdates, and 
9uJphovanadiate8, 

SAI/rS OF THE COMPOUND ACID-BADICALS WHICH CONTAIN 
OXYGEN AND SULPHUR COMBINED WITH METALS. 

A very large class of compound acid-radicalB, some of which 
are extremely powerM, are produced by the union of monatomic 
and biatomic molecules of certain basic radicals with a preponder* 
ating proportion of an acid element. Many of these bodies form 
salts of great stability — ^witness the chromates, stannates^ tung- 
states, and molybdates ; but their hydrogen compounds^ or acids, 
are usually unstable. 8ome of these compound acid-radicals are 
monobasic, some bibasic, and others tribasic; the latter are 
known, in many instances, to yield acid salts containing 1 or 2 
eqs. of basic hydrogen unreplaced by a metal. 

Most of these acid-radicals are very easy of detectian. They 
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form numeroiis insoluble oompotiiids, some of which aie of ex- 
tremely biilHant colours; in addition to this, the comparative 
readiness with which they may be caused to decompose, greatly 
facilitates their recognition. 

One compoufid acid-^radieai eovUaining aluminium and oxygen Is known ; 
or at least the compound called hydrate of aluminium ia oonaidered to be an 
add (aluminio add) ; and when this body ia acted upon by hydrate of po- 
taedum, the potaanum salt is formed. Yiewed in this lig^t, the fonnula 
HjAl^O, may be aadgned to the add, and KHjAlgO, to the potassium salt 
Other modes of representing these compounds may be seen on refening to 
pp. 109, 110. Sevml aluminatea hare been obtained. 

Of the aeid^adicais cofUaiming chromium and oxygen^ one only is of any 
analytical importance— that, namely, which is contained in chromic add 
(HCM),) ; the salts of the other add-radicals, which are known as chromites 
and perdhromateft, are of rare occurrence. The chromites hare the general 
formula WOrfi^ ; the potassium, magneaium, and iron salta are toleonUy 
well known. 

SiXIS OF XnS cnitOtCtC lLAl>lCAt, 0& CHBOMA^ISS. 

These salts are usually made &om the potassium salt, which is 
easily prepared by fusing chromic oxide ([Cr^lsO,) with nitrate of 
potassium in a crudble. The ohromates are often of a red or 
yellow colour. 

Many chromates, when strongly heated, yield chromic oxide 
and oxygen, while others {e,g, chromate of magnesium) yield 
chromites ; other blowpipe reactions of the compounds of chro- 
mium will be found on p. 111. 

Taifi Hydeooek Salt (HCrO,), or chromic add, has not yet 
been isolated; when its aqueous solution is concentrated, fine 
crimson acicular ciystals separate, which consist of the compound 
CrjOj, i. e, chromic anhydride*. This body possesses the property 
of uniting with 2 eqs. of certain neutnd chromates to form new 
salts, which require no additional equivalent of basic radical. 
These salts have been called bichromates ; terchromates are also 
known, and some compotmds even which may be termed quadri- 

* Just as chlorochromlo add may be viewed as chloride of ohromyle 
(CrO,Cl), so anhydrous chromic add may be considered as the ozide of that 
radical ([OrOl^O) ; Ihere is, however, some ground for doubling the formula 
here assigned to cfaromyle and the neutral dhromates. 
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ehioxoates. All such salts aie nsaally of a darker oolonr than 
the siinple chromatesy which are generally yellow. 
The bichromates, &c. are thus formed : — 

2KCrOa+Cr,0,=B;Cr^O^. 

biidiromato 
of potaasium. 

The chromates of the first and second divisions of the basic 
elements are soluble, the barium salt excepted ; most of the other 
chromates are insoluble in water, but easily soluble in adds. 

The chromates may be reoognizedi not only by the formation 
of insoluble salts, but by several processes of decomposition. 

The most remarkable insoluble salts of this series are those of 
barium, silver, mercury, and lead. 

The Potassiitm and Sodhtk Salts are soluble. 

The Sarinm Salt is produced by the action of a soluble barium 
salt on solutions of neutral chromates or of bichromates. 

Its formula is BaCrO,. 

It is a pale yellow precipitate, nearly as insoluble in water as 
the sulphate, but soluble in hydrochloric, nitric, or chromic add, 
and in solutions of bichromates. 

Ths SxBoimTTH, Calcitth, and Magitesium Salts are soluble. 

The Fereic, Maitoanoxis, and uajstz othxb Salts of the third 
subdivision are brown or yellow predpitates, nearly insoluble in 
water. 

The CurBous Salt is unknown. The Cttpbic Salt is produced 
by adding a cupric salt to a soluble chromate. With bichromates 
no precipitate is produced. It is a yellowish brown precipitate. 
It is soluble in nitric add, and in hydrate of ammonium. 

The Silyer Salt is produced by the action of a soluble silver 
salt on a chromate. It is a crimson crystalline predpitate. 

Its formula is AgCrO,. 

It is soluble in alkaline chromates, in hydrate of ammonium, 
and in adds. When formed in acid solutions, this precipitate is 
the bichromate (AgJCrfl^), and has a more brilliant colour. 

The Mebcueous Salt is produced by a soluble mercnrous salt 
when added to a solution of a chromate : it is a red predpitate^ 
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Ita formula is 'Eg firO^; but frequently the salt SHg^CrO,, (Big;)fl 
is precipitated. It is slightly soluble in solutions of ammonium 
salts, in water, and in nitric acid. 

The Mebctjbic Salt resembles the mereurous salt very closely. 
It is soluble in excess of many soluble mercuric salts. 

The Lead Salt is produced by the action of a soluble lead 
salt on chromate or bichromate of potassium. It is a yellow 
precipitate. 

Its formula is PbCrOj,. 

It is slightly soluble in excess of the chromate or bichro- 
mate of potassium, and in hydrate of potassium; it is inso- 
luble in chloride of ammonium and in water, but soluble in 
nitric acid. 

This acid-radical may also be recognized by the following ex- 
periments : — 

a. Chromates, when heated before the blowpipe with a borax 
bead, give eyidence of chromium in the green tint produced; 
care must, however, be taken that other interfering bases are 
absent. 

j3. When boiled for some time with hydrochloric acid, chromates 
are reduced, yielding the sesquichloride (Cr^Gl,), with evolution 
of chlorine. If sulphuric acid be employed instead, oxygen is 
set free. 

y. The passage of hydrosulphurio add through the aqueouB 
solution of a chromate also effects its reduction, — a chromic salt 
with separation of sulphur being the results : 

4KCrO,+5H,S=2Cr,H303+2K,S+2H,0+3S. 

cfaromio hydrate, ppt 

green ppt» 

Sulphurous anhydride (SO,) produces a similar effect, sulphuric 
and hyposulphuric acids being formed. Nascent hydrogen and 
many other reducing agents also give the same results. 

Numerous organic bodies are capable of rapidly reducing the 
chromates — such substances as alcohol, sugar, oxahc and tartario 
acids. When warmed with alcohol and hydrochloric acid, a 
chromate decomposes thus : — 
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4KCrO,+10HCl+3C,H.O«2Cr,Cl,+4Ka+8H,O+3C,H,O. 

alcohol. ffreen aldehjde. 

cEromic 
chloride. 

The hydrochloric add acts partly as a solvent for the chromic 
hydrate^ which we may suppose to be formed at first. 

^. Fused with carbonate of sodium many insoluble chromates 
yield the soluble chromate of sodium (see p. 112). 

The chromic radical is generally recognized by the formation of 
the insoluble silver and lead salts, and by the tests a. and /3. 

SALTS OF THE PEECHSOMIC BADICAL, OE PBECHB0MATE8. 

The hydrogen compound of this radical is known, but only as dissolved 
in ether : it is obtained by the action of a hydrochloric solution of peroxide 
of barium on bichromate of potassium ; the perchromic acid thus liberated 
is taken up by ether, which becomes of a beautiful blue colour. It is imme- 
diately decomposed by hydrate of potassium, but may be made to unite with 
ammonium and certain organic bases, forming comparatively stable salts, 
from which acids separate the blue perchromic acid, which then speedily de- 
composes into chromic acid and oxygen. 

Of compound acid-radicals containing iron and oxygwiy two are known, 
but they are of very slight importance. When carbonate of sodium and 
ferric oxide are strongly ignited, a compound termed ferrUe of sodium is said 
to be obtained in veiy small proportion. Similar salts are believed to be 
formed when a solution containing ferric chloride and the chloride of an 
alkaline earth is precipitated (under certain conditions) by a hydrate of the 
first subdivision. But the only definite acid-radical of iron and oxygen is 
that contained in the ferrates (MFeO, ). The ferrate of potassium is obtained 
by igniting iron or ferric oxide with hydrate or nitrate of potassium, by the 
action of chlorine on ferric oxide suspended in hydrate of potassium solution, 
or by the electrolytic evolution of oxygen gas from an iron plate immersed 
in a concentrated Bolution of hydrate of potaasimn. By all these methods the 
potassium salt is obtained, sometimes in the crystalline form ; it dissolves in 
water, forming a red-violet solution, which is instantly decomposed and de- 
colourized by ammoniacal salts and the weakest reducing agents, and even 
by a heat of less than 100° : the products of this decomposition are ferric 
oxide and oxygen. The hydrogen compound, or ferric acid, cannot be ob- 
tained, as any attempt at its liberation results in its instant decomposition. 

Of the odd-radicals containing manganese and oari/gen, two are 
weU known and easily produced. These are the manganic (MnO,) 
and permanganic (Mn^O^) radicals. They are both monobasio« 
The potassium salt of the former is obtained by igniting man- 
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ganese, or one of its oxides, with hydrate of potassimn in contact 
with air, or with hydrate of potassium mixed with nitrate or 
chlorate of potassium. The manganates of the first and second 
subdivisions are known ; they are dark bluish green compounds, 
those of the alkaline metals dissolving in water to form green 
solutions. The hydrogen compound is not known. 

Permanganic acid (HMn^O^) is produced by the action of dilute 
nitric acid on the aqueous solution of a manganate. Its colour is 
a beautiful violet ; the solutions of the alkaline permanganates 
have the same tint. The permanganates, as far as known, are 
all soluble, no precipitates being formed with saline solutions ex^ 
cept in cases where the latter act as reducing agents, and preci- 
pitate the peroxide of manganese (Mn^O,). 

Of add-radicah containing hiamnth and oicygen^ one only is known. When 
biamuthio ozide (Bl, O,) ib fused with hydfttte of potaatium, or when it is 
suspended in a oonoenlTated solution of hydrate of potasaiuin through which 
a current of ohlorine is passing, a double salt of bismuthate of potassium and 
bismuth is formed, which contains the radical BiO,. One or two salts are 
known, and the hydrogen compound (HBiO,). 

Of acidrradicaU containing tin and oxygen, two are known. Their hy- 
drogen compounds are stannic acid (HjSn^O,) and metastannio acid 
(HaHsSn^oOif). QThe acids themselves being very insoluble bodies, no 
oharaoteristic reactions can be obtained from them, except sudi as, by de- 
stroying the radical, prove the presence of its metallic constituent 

Of the acid-radicalt containing the rare metals of the fourth ntbdivieion 
0M»5tn0t/««^(M3f'^m, none are of analytical importance. The higher oxides of 
platinum, rhodium, ruthenium, iridium, osmium, and gold have the proper^ 
of uniting with the elements of water to form acid compounds, and with the 
oxides of some few basic radicals, as those of the first subdivision, to form 
salts. These salts, with the exception of the gold compounds, have not been 
thoroughly examined. The existence of a definite auric acid (HAuO^) is 
doubtful ; but the anhydride ( Au^ O,) is known : the aurate of potaanum too 
has been obtained, crystallised, in small needles of a yellow colour, and having 
the formula KAuO^-f-Saq; a solution of this salt in water produces preoi- 
pitates in many metaUio solutions, proving that there are many insoluble 
aorates ; — ^insoluble, that is, in water, for they frequently dissolve in excess of 
of their precipitants to form double salts. It will be at once seen that these 
add-radicalB correspond doeely to those mentioned under Section in. of Uie 
first subdivision of the add-radicalt (p. 276). 

Cf the aeid^adieais which contain tungsten combined with oaeggent one only 
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is of any a&alytieftl importance, although another ia known to exiat in a few 
oompounda. The tnngatic radical (WO,) ia a Tery powerfdl one, and forma 
atable salts termed tnngstatee, which impart to water a bitter metallic taate. 

8ALVS or THS TUVGanO RADICAL, OR TUVG8TAT18. 

These salts are not decomposed by heat alone, unless their baaie constlkieni 
is volatile or compound, and when heated on charcoal sometimes yield the 
brown oxide, although they are reduced or decomposed in different ways 
according to the base present. The other blowpipe reactions of tongstic acid 
and tnngstateawill be found among the processes of decomposition employed 
for detecting the tungstic radical (see p. 296). 

Thb Htdrooxn Salt (HWO,) does not appear to be known ; for when the 
add is liberated by the action of other acids upon solutions of tungstates in 
the cold, the white precipitate which occurs, though thought by some to be 
the add, rapidly becomes yellow when the solutions are heated, or when the 
predpitate is allowed to stand. This yellow body has the formula W^O,, 
and so bears the same relation to the add (HWO^) as auric anhydride 
(Au^OJ does to auric add (HAuO,), or hypochlorous anhydride (ClgO) to 
to the add (HCIO). Tungstic anhydride is lemon-yellow and crystoUine. 
Becent researches have shown that there are many modifications of tung- 
statea, in which Taiying quantities of oxygen and tungsten are united to form 
add-radicals ; yet they will all group in a singular manner arotmd the anhy- 
dride (W3O,), which may be produced by the deoompodtion of all. The 
union of the anhydride with normal tungstatea givea, on the other hand, 
compound salts resembling the bichromates, Ac. 

Tungstates may be recognized by the formation of some of the most cha^ 
raoteristic insoluble salts, but are more usually identified by processes of 
decompodtion. 

The tungstates of the first subdiyidon are soluble ; all the other salts, ex- 
cepting that of magnedum, are insoluble in water. 

Th6 BariniIL Salt ia produced by the action of soluble barium salts on 
Ihe neutral tungstate of potaadum : it ia a white predpitate. Its formula is 
BaWOg. It is insoluble in water and in phosphoric add, but is decomposed 
by stronger adds ; it is dissolyed by a boiling solution of oxalic add« 

Ths STROHTiuif and CALcnm Salts are white predpitatea, sparingly 
soluble in water. 

Thr MAOHRsnm Salt is soluble. 

Thr Frrrous and vavt othrr Salts containing metala of the third and 
fourth subdividons are insoluble, or nearly so, in water. 

Thr Cuprio Salt ia obtained by the action of a soluble cupric salt on 
tungstate of sodium : it is a grass-green predpitate. Its formula is CuWO,. 
It is insoluble in water and oxalic add, soluble in acetic and phosphoric adds. 

Thr Silyrr Salt is a white insoluble powder, produced when a silver salt 
is added to a solution of bitungstate of sodium. Ita formula jb Ag^W^ O7. 

Th0 XtrCUrOOfl Salt ia produced by the action of a soluble mercuroua 
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salt upon tungBtato of potaaaium : it is a yellow precipitate, bo ioBoloble in 
water as to be tuedfor the qwmtitaHve ettifnation of tungstie add. 

Thb Hbrcubic Salt is white if the mercury solution be in exoess ; otiier- 
wise it is yellow, red, or brown. It is insoluble in water. 

Thi Lbad Salt is a white precipitate, insoluble in cold water or oold 
nitric acid, soluble in hydrate of potassium. 

Tungstates are, however, most readily reoogniEed by the deoompoaition of 
their acid constituent ; the following tests may be employed : — 

a, Tungstie anhydride (W, O3) does not TolatiliEe when heated on char- 
ooal, but yields a brown oxide of tungsten ; before the blowpipe, with micro- 
cosmic salt) this body ([WjO,] which, as we have seen, may be easily pro* 
duced firom tungstates) gives in the reducing fiame a fine blue colauty which 
disappears in'the^oxidiEing flame ; if iron be present, a blood-red colour will 
be produced. 

/3. Solutions of the tungstates containing the alkaline metals are precipi- 
tated by hydrochloric, nitric, acetic, sulphuric, and phosphoric adds ; and 
the precipitate is insoluble in all the above adds, excepting the last-named, 
which dissolves it readily. Oxalic, tartaric, and dtric adds do not separate 
the anhydride (W3O,). 

7. ^^en the body, W^O,, is predpitated from a soluble tungstate by the 
addition of a mineral add, a small quantity of tungstie add remains in 
solution ; and if then a strip of zinc be introduced into the add solution, iiie 
liquid will be coloured blue from the formation of the blue oxide of tungsten. 

This radical is usually recognized by the formation of the insoluble ba- 
rium and mercurous salts ; but more especially by the tests a. and 7. (See 
also p. 237.) 

SALTS OP THB MOLYBDIC RADICAL, OB IIOLTBDATBS. 

The radical MoO, bears considerable resemblance to the radical WO^ : 
the soluble molybdates have a faint metallic taste ; several of the insoluble 
salts have a yellow colour. 

Heated alone, they are fixed, unless their base is volatile or deoomposaUe ; 
on charcoal, before the blowpipe, several molybdates are partially reduced, 
particularly in the presence of carbonate of sodium. 

Thb Htdbogbn Salt (HMoO,) is not known ; when an attempt is made 
to liberate it by the action of adds on molybdates, the anhydride (Mo^O,) 
separates as a white curdy predpitate. This body unites with molybdates 
to form bimolybdates, &c., analogous to the bichromates, bitungstatos, &o. 

Molybdates are recognized by the formation of obtain insoluble salts, and 
also by several processes of deoompodtion. 

The molybdates of the first subdivision are soluble in water ; the othen 
insoluble, or sparingly soluble. 

Thb Fotabsium and Sodium Salts are soluble. 

The Barinxn Salt is produced by the action of soluble barium salts on 
molybdate of potasnum : it is a white predpitate, probably having the 
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fonnula BaMoO,. It is insolable in water, l>at soluble in dilate nitric or 
hydroohloric add. 

The Stbohtivm and Oalciitm Sai^ s are white^ insoluble in water. 

Tem Maghbbium Salt is oomparatiyely 8oluble» particularly in bot water. 

Thx Fbbrous and mahy othsb SAi;r8 of the third and fourth subdiTiaLons 
are yellow or brown precipitates, insoluble in water, soluble in hydroohlorio 
or nitric add. 

{Fhb Cuprio Sai/t is yeUowish green, in8oluble2(or nearly so) in water, de- 
composed by adds and alkalies. 

Thb Silyeb Salt is greenish white, slightly soluble in water and in dilute 
nitric add. 

The Mebcusous Salt is white, soluble in 500 or 600 parts of water, de- 
composed by nitric add. 

The Load Salt ie produced by predpitating plumbic nitrate with normal 
molybdate of ammonium : it is a white insoluble predpitate. The natiye 
▼ariety is the chief ore of molybdenum. 

Molybdates may also be detected by sereral processes of decomposition : — 

a. Molybdic anhydride, when heated in the reducing flame on platinum 
wire, imparts a yellowish green tinge to the light ; it also giyes with micro- 
ooemio salt a fine green colour, and with borax a brown bead, when heated 
in the inner blowpipe flame. 

/3. When to a neutral concentrated solution of a soluble molybdate^ a few 
drops of hydrochloric or nitric add are added, the anhydride (Mo^O,) sepa- 
rates ; it dissolves, however, on the addition of more add, or even upon dilu- 
tion with much water. Oxalic and phosphoric adds do not produce this effect 

y. By immersing a strip of sine in a hydrochloric solution of a molybdate, 
a blue colour is produced, from separation of the blue oxide of molybdenum ; 
the colour gradually dianges to green, and then becomes nearly black. 

i. By evaporating nearly to dryness a nitric solution of an alkaline phos- 
phate or of phosphoric add, and adding a drop of molybdate of ammo- 
nium, a yellow predpitate is obtained, which is insoluble in hot nitric add. 

«. A trace of hydrosulphuric add produces in solutions of molybdates 
a blue colouration ; larger quantities of the gas give a brown predpitate of 
molybdous sulphide (Ho, S,). 

Molybdenum is usually recognised, when existing as the molybdic radi- 
dical, by the predpitation of the barium and lead salts, and by the tests /3. 
and i, (See also p. 241.) 

Of add^adieals containing vanadium and oxygm^ two are known ; of 
these the vanadic only is of any importance ; the vanaditee are derived from 
the binoxide (VaO^). 

SAI^rS or THS VAKADIC radical, OB VAKADIATB8. 

The add-radical YO^ resembles the tungstic and molybdic radicals in 
many points : many of its salts are yellow or orange ; they have no cha- 
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noteriatio teste. Cknenlly speakmg, they are oompamtively eolnUe in 
water. 

A red heat produoee no change in the Yanadiates, nnlees the haaio oon- 
stitaent is Tolatile or decomposable. Vanadic anhydride (V2O,) heated 
on charcoal is partially reduced to a lower oxide, and partly to Tanadinm 
itself; yanadiates of the heavy metals yield alloys of yanadium. 

Ths Htdrogsk Salt (MVOj) is unknown, the addition of an acid to A 
soluble vanadiate precipitating the anhydride (V^O,) in an impure state, 
as a yellow substance, soluble in adds, yielding ydlow solutions. "From, the 
anhydride, yanadiates and biyanadiates are prepared. 

This radical may be recognised both by the formation of insoluble salts 
and by certain processes of decomposition. 

Many yanadiates are soluble in water. 

Tni Potassium and Sodium Salts are soluble. 

The AininOIiitllll Salt (NH^YO,) is remarkable for being quite in- 
soluble in a saturated solution of diloride of ammonium. 

The Barinm Salt is produced by the action of a soluble barium salt on 
an aqueous solution of yanadiate of ammonium : it is a yellow gelatinoaa 
precipitate, whidi becomes white and dense after standing. Its formula is 
BaVOj. It is slightly soluble in water, and dissolyes with a red colour in 
Buphuric add. 

Ths Stsortium Salt is a white crystalline granular predpitate, more 
luble than the barium salt 

Thb Calcium Salt is soluble, and thb Magnesium Salt esceedin^y 
luble in water. 

Thb Ferric, Nickel, and maht Salts containing metals of the third and 
fourth subdiyisions are yellow and soluble in water. 

The Cupric Salt is soluble. 

The SiLyER Salt is obtained by the action of nitrate of silyer on yana- 
diate of ammonium, and is a pale yellow or white predpitate, soluble in 
nitric add and in hydrate of ammonium. 

The Mbrcuroub, Mercuric, and Lead Salts are yellow and more or leas 
soluble in water. 

The yanadic radical may also be recognised by proc e s se s of decompo- 
sition, &C. : — 

a. Yanadiates generally fuse when heated; the anhydride (Y^O,) does 
not yolatilize. With borax or microcosmic salt, the anhydride giyes a green 
glass in the redudng, and a yellow in the oxidising flame. 

/3. Yanadic anhydride dissolves in the stronger acids, forming yellow or red 
solutions, which often become colourless on ebullition, and yield red or yellow 
crystallised compounds or salts of yanadic add. The sulphate of yanadic 
add is said to haye the formula Y, (SO^),. 

7. Hydrosulphurio add predpitates a mixture of binoxide of vanadium 
and sulphur from an add solution of vanadic oxide. 

S. Ferrooyanide of potassium produces a beautiful green predpitate with 
soluble yanadiates. 
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c. Solutions of yanadiatoi with tinctare of galls yield a blackish blue or 
black mixture. 
Yanadiates are usually detected by the tests /3» d, and e. 

Of the odd-radicals tokich contain metals and sidpkur, none are of sniB- 
cient importance to justify description here. They generally form yellow, 
reddish brown, brown, or brownish black salts, which correspond closely to 
the analogous salts containing the same metals combined with chlorine or 
oxygen. They are generally formed by the solution of the metallic sulphide 
in sulphide of potassium, sodium, &c. The salts formed by these radicals are 
termed sulphoetannates (M^Sn^S,), sulphoplatinates (li^Pt^Sg), sulphorho- 
diates (MBS,), sulphorutheniates (MgRo^S,), sulphiridiates (M^Ir^S,), 
sulphosmiates (MOsS^), sulphaurates (MAuS,), sulphotungstates (MWS^). 
sulphomolybdates (MMoS,), and sulphoTanadiates (MYS,). 

TABLE OF BEACTIONS. 



Sai/ts. 



(see page 281) 



Barium. 



Strontium... 
Calcium ... 
Magnesium 
Fonous .... 

Perric I 

Zinc 

Cuprous .. 

Cupric 

Silver 

Mercuious .. 
Mercuric ... 
Lead 



{ 



{ 



white 
white 
white 

white 

greenish 1 
white j 

red 

white 

r orange 1 
\ yellow J 

black 

brown 

brownish! 
black / 

orange red 
white 



s 

(p. 283) 






SO, 

(p. 290) 



SO4 

(p. 296) 



CW)a 

(p. 305) 



black 
black 
white 
black 
black 
black 
black 
black 
black 



white 
white 
white 



white 
white 
white 



f brownish 1 



white 
white 
white 
white 



white 
white 
white 



pale yellow 



f yellowish 1 
\ bro?ni J 

brown 
yellow 

? 

{yellowish 1 
brown J 

crimson 

red 
yellow 
yellow 
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Analysis of Subdivision U, 

The acid-radicals of more common occurrence only being in- 
cluded, the salt may be an OXIDE, SULPHIDE, SULPHITE, 
SULPHATE, CHROMATE, or TUNGSTATE. 



The addition of strong sulphuric acid to the soUd salt or its concentrated 
solution may produce an effervescence ; if so, the evidence sought will pro- 
bably be better obtained with a weaker add, aided by heat. 

A gas having an odour of rotten eggt (HjS) indicates a sulphide. 
„ I, „ bu/ming sulphur (SO,) indicates a sulphite. 



Further Analysis, 
Acidify the solution with hydrochloric add, and warm for some time. 



A lemon-yellow 

precipitate of 

WjOg would 

indicate the 

original 
presence of 



WO 



a' 



If no predpitate occurs, the solution may contain a 
chromate, sulphate, or oxide. Add a few drops of al- 
cohol, and boil for some minutes ; if the liquid changes 
from a reddish yellow to an emerald-green colour, uie 
previous existence of CrO, may be infened. Add exceea 
of ammonia. 



A ^preen 
precipitate 
of CryEgO, 
would mdicate 
the original 
presence of 
CrOj. 



If no green colour or predpitate oc- 
curs, add a few drops of chloride of 
barium. 



A white 

predpitate 

ofBaaSO^ 

would indicate 

the presence of 

SO,. 



If no predpitate 
occurs, and the sub- 
stance under exa- 
mination \B obvioualy 
not a bade radical, 
t . e. a metal, we infer 
the presence of O aa 
the add-radicaL 
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SUBDIVISION ni. 

SALTS OF CAHBON, BORON, SILICON, taotalum, niobium, 
PBLOPiuM, AND TrTANiUM, AND OF THE CHIEF COM- 
POUND ACro-RADICALS INTO THE COMPOSITION OF 
WmCH THEY ENTER. 

This group, with the exception of its four latter and rarer 
members, presents bnt little analogy with either of the preceding 
subdivisions. One distinctive feature is, that no member of this 
subdivision combines directly with hydrogen to form a compound 
of acid properties, although they combine with almost all metals 
to form salts. All these acid-radicals, however, form, by union 
with oxygen, compound add-radicals, which yield extremely 
stable salts with hydrogen and metals. Another great peculiarity 
of this group is the property possessed by carbon of uniting with 
hydrogen and oxygen, with hydrogen, oxygen, and nitrogen, and 
with other basic radicals, such as with iron and nitrogen, to form 
add-radicals, many of which combine with basic radicals to form 
salts of great stability : most of such compounds are generally 
termed '^ organic,'' from their frequent occurrence in the animal 
and v^etable kingdoms, or from being obtained among the products 
of their decomposition. Examples of such compounds are-— 

H,C^H,0, HjC.HjN^O^, H,Co,C.Ne. 

Buodnio acia urioacid. hydrooobalticyaiiio add. 

Among these bodies many are monobasio, many bibasic, and some 
tribasic. 

Sbction L~-SAI/rS OF CARBON, BORON, SILICON, tahtaluu, nio- 
bium, PBLOPIUM, AlTD TITAiriUM. 

The carbides, borides, silicides, tantalides, niobides, pelopides, 
and titanides. 

Sbctioh n.— SAMS OF THE ACIB-RADICALS WHICH CONTAIN 
CARBON, BOBON, SILICON, tantalum, niobium, pblopium, and 
T CTANiU M COMBINED WITH FLUOBINB, OXYGEN, OB SUL- 
PHUIL 

The borofluorides, siHcofluorides, carbonates, oxalates, borates, 

p2 
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silicates, tantalates^ niobiates, pelopiates, titanates, and snlpho- 
carbonates. 

Sbctiow ni.-5ALTS OF THE ACID-RADICALS WHICH CONTAIN 
CARBON COMBINED WITH NITROGEN, WITH NITROGEN 
AND OXYGEN, WITH NITROGEN AND SULPHUR* WITH 
NITROGEN AND METALS, WITH OXYGEN AND HYDROGEN, 
AND WITH OXYGEN, HYDROGEN, AND NITROGEN. 

The cyanides, cyanates, and solphocyanides ; the feirocyanides, 
ferricyanides, and cobalticyanides ; the formiates, acetates, ben- 
zoates, succinates, tartrates, lactates, citrates, gallates, tannates, 
and urates. 

Section I. — The carbides, horides, sUietdes, tantalides, niobides, 

j>elopide8y and titarddea, 

SALTS OF CARBON, BORON, SILICON, tahtalvm, RiOBnw, pxlopivm, 

AND TITANIUM. 

The radicals of this third subdivision, although they combine 
with metals, can scarcely be said to yield saline compounds, since 
it is with the greatest difficulty that the bodies are made to unite 
in definite proportions, and then the products of the union par- 
take more of the character of alloys. It is probable that ^eir 
combinations, especially those of carbon and silicon (or of phos- 
phorus), with the metal, exist difPused through the mass of metal, 
which presents, in different specimens, different properties. Thus 
the varieties of commercial iron known as cast-iron and steel are 
entirely due to the presence of a small difference in the propor- 
tion of carbon present, which, after aU, never rises above 2 per 
cent. It is thought that the known carbide of iron (Fe,C) exists 
dif^ised in the mass, which also contains carbon in the form of 
graphite. 

Silicon and phosphorus again are known to exert a very dele- 
terious influence upon the quality of iron and of other metals, 
even when they are present in very small proportion. Numerous 
compounds of carbon with hydrogen are known ; they are termed 
hydrocarbons. A compound of silicon with hydrogen has been 
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discovered recently; but neither it nor the hydrocarbons possess 
add properties or reactions. 



Sbctton n. — Tlie borofluoridis, silieofltiorides, carhonateSy oxa- 
lates, borates, silicates, tantalates, niohiates, pelopiates, tita- 
nates, and sulphocarhonates, 

SAI/rS OF THE COMPOUND ACID-RADIOALS WHICH CONTAIN 
CASBON, BOBON, SILICON, tantalum, niobiux, pelopium, and 
TITANIUM COMBINED WITH FLUOBINE, OXYaEN. OR SUL- 
PHUE. 

The acid-radicals of the present section are for the most part 
powerfiQ ; they possess different degrees of basidty. Those most 
important to the student will be found to be the compounds the 
adds of which are termed hydrofluosilidc, carbonic, oxalic, 
boracic, and silidc. With the reactions of the five adds just 
named, the analyst should early make himself acquainted. 

Of aeid-radicala forrned by the union of boron vnth fluorine^ one only is 
known : it is the radical contained in the borofloorides, and is produced when 
tiie gsB known as terfluoride of boron (B0F3) or its aqoeous solution is mixed 
with a large quantity of water. The water effects a decomposition of the 
compound B0F3, boric anhydride (Bo^Og) being predpitated, and the com- 
pound HB0F4 remaining in solution : this compound is hjdrofluoboric acid ; 
and the decompoedtion which gives rise to its formation is as follows : — 

SBoPa+SHjOsBojOa+eHBoP^. 

bjdrofluoboric 
acid. 

Thb Htbrooin Salt (HB0F4) is not known in an isolated state, but only 
in aqueous solution. 
The fluoborides are all soluble in water, as far as has been ascertained. 
The radical must be recognized in its salts by processes of decomposition. 

SALTS OF SnJCOFLTJOBnnB, OB SHJCOFLUOBIDES. 

This radical (that contained in the silicofluorides) is of much 
greater importance than the preceding one, but is prepared in 
precisely the same manner. The method for its preparation has 
been already given (p. 65). When the gaseous body terfluoride 
of silicon (Sif 3) is passed into water, the hydrogen compound of 



318 CHEMICAL BEACnOKS. 

the radical in question is obtained in solution, gelatinous silicic 
acid (HSiOJ being precipitated : 

3Sir,+2H,0=HSiO,+H, Si, F,. 

Heated on charcoal, siticofluorides suffer various changes, ac- 
cording to the nature of the basic radical present. 

The Htdbogen Salt (HgSi^F,) is known only in aqueous 
solution. 

This radical may be recognized both by the formation of in- 
soluble salts and by processes of decomposition. 

The majority of the siHcofluorides are soluble with greater or 
less &cility in water ; it is remarkable, however, that those of 
the first and second subdivisions of the basic radicals are the least 
soluble. 

The Potassittk Salt is produced by the action of a soluble 
potassium salt on hydrofluosUido acid : it is a white gelatioious 
precipitate. Its fonmila is K, Si, F^. It is very slightiy soluble 
in cold water, but dissolves somewhat more freely in hot. 

The Barium Salt is produced by the action of a soluble barium 
salt upon hydrofluosilicic acid : it is a gelatinous precipitate, but 
appears crystalline under the microscope. It is precipitated more 
speedily on stirring the solution. 

Its formula is Ba^ Si^F,. 

It is but slightiy soluble in cold water, 1 part requiring 3802 
parts of pure water for its solution, and 733 parts of water aci- 
dulated with hydrochloric acid. In alcohol it is insoluble. 

The Stroktiuh and Calcium Salts are comparatively soluble. 

The Magkesiw Salt is exceedingly soluble. 

The Ferroxts, Febric, Cupbous, Argektic, and vakt othkb 
Salts containing metals of the third and fourth subdivisions are 
soluble in water. 

The Mbrcttrotts Salt ([Hgjj Si, Fj is sparingly soluble. 

The Mercuric and Lead Salts are soluble. 

The salts of this acid-radical may be detected by the following 
processes of decomposition : — 

a. Hydrofluosilicic acid gradually decomposes when exposed to 
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the air in a glass vease!, teifiuoride of silicon being given off, and 
the hydrofluoric acid thereby left attacking the glass and yielding 
another portion of the volatile teifluoride. In a glass bottle from 
which the air is always carefiilly exduded, and the volatilization 
of any part of the gas SiF, thus prevented, no decomposition 
ensues. 

/3. Alkalies decompose hydrofluosilicic acid, yielding fluorides 
and silicates. 

y. Strong sulphuric add liberates gaseous teifluoride of silicon 
from hydrofluosilicic acid. From siHcofluorides^ acids separate a 
portion of silidc acid, chiefly on ebullition. 

Of the add-radieah which contain carbon and oxygen^ two 
merit the attention of the student — ^the carbonic and the oxalic ; 
both are bibasic. The salts of the former radical are of very 
common occurrence in nature, forming (in addition to their general 
distribution through the earth's crust) extensive deposits, as the 
strata of limestones, of which they are practically the sole con- 
stituents. The salts of the latter radical, the oxalic, are of less 
frequent occurrence, although they also are found in nature, 
existing in several members of the vegetable kingdom ; neverthe- 
less they are important as standing on what may be termed the 
neutral ground between the organic and inorganic domains of 
chemistry. The oxalates are also interesting, since they exhibit 
the simpliflcation which complex organic molecules undei^ in 
their gradual converdon into simpler forms. The oxalate is fre- 
quently the last stage of combination into which the carbon and 
oxygen of a complex body enter previoudy to their appearance 
as a carbonate, a salt which is very generally assumed to bdong 
to inorganic nature. 

SALTS OF THE CAEBONIC EADICAL, OB CASBOVATES. 

These salts are not very numerous ; for the radical is one of such 
weak combining power that it is only when in union with the 
most powerful bade constituents (those of the first or second 
subdividons), or where the salt is insoluble, that stable com- 
pounds are formed by it. For this reason, and on account of the 
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facility with which carbonates, especially on the application of 
heat, divide into metallic oxides or hydrates and carbonic anhy- 
. dride (CO,), it is found that many of the precipitates which in 
double decompositions should be carbonates, are in reality mixed 
carbonates and hydrates. Take, for example, the precipitate pro- 
duced by the action on carbonate of sodium of a zinc salt or any 
of the weaker bases, such as the triatomic molecules Al,, Or,, 
Fe,, or Sb, some of which will not combine with this radical at 
all, or, if they do combine, yield salts which instantly or very 
rapidly decompose. All these precipitates of mixed hydrate and 
carbonate, even those which are insoluble in water, dissolve in 
the aqueous solution of carbonic acid gas ; and from the solution 
of add carbonate so formed, crystals of neutral carbonate are often 
deposited : this is the case with the nnc precipitate : 

Zn^CO,, 3ZnHa+4H,C03=6ZnHC0,+3H,0 ; 
mixed carbonate add carbonato. 

and hydrate. 

the acid carbonate of zinc thus formed decomposes in the fol- 
lowing way : — ^^ 

2ZnHC0,=Zn,C0,+H,0+C0,. 

crystalline 
precipitate. 

The alkaline carbonates, and those of barium and strontium, 
may be fused on charcoal without decomposition ; all others are 
decomposed. 

The Htdbooek Salt, or carbonic add (H^CO,), is not known 
in the separate state. It is believed to be formed when the gas 
CO, is passed into water ; and the occurrence of acid carbonates 
leaves little doubt of the existence of the add, although, from its 
extreme instability and tendency to be resolved into water and 
carbonic anhydride, attempts to isolate it have not been success^. 
The gaseous anhydride has been condensed to a liquid, and even 
to a solid. The following formul® represent the composition of 
carbonic add and of the two varieties of carbonates : — 

H^CO,, MHCO3, M,CO,. 

carbonic acid. add carbonate. neutral for normal) 

capDonate. 
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The carbonic radical may be recognized both by the formation 
of insoluble carbonates, and by a process of decomposition. 

The carbonates that have been obtained are almost all in- 
soluble, the salts of potassium, sodium, and ammonium being the 
only exceptions. 

The Potassitth, SonivM, and Ahmoniuu Salts are soluble. 

The Bariiun Salt is a white precipitate. 

Its formula is BaaCOg. 

It is soluble in 141,000 parts of a solution of ammonia, or car- 
bonate of ammonium ; in 14,130 parts of pure water at 16° to 20°, 
or in 15,421 parts of boiling water. It is soluble in carbonic and 
other adds. 

The Stbonttuh Salt is a white precipitate, soluble in 18,045 
parts of cold water, and readily dissolved by most adds. (See 
p. 88.) 

The CALcrcTM Salt is a white predpitate, soluble in 10,600 
parts of cold water, and readily dissolved by most adds. (See 
p. 91.) 

The ICaoitesiuh Salt is a white predpitate, which requires 
249d parts of cold water for its solution, and is readily dissolved 
by nearly all adds. (See p. 94.) 

The FEBEors and maitt otheb Salts of the third subdivision, 
if existing at all, decompose soon after formation as already de- 
scribed, or when exposed to the air or to a slight increase of 
temperature. 

The Cttpbic Salt is produced by the action of cuprio sulphate 
upon soluble carbonates: it is a bluish green predpitate. Its 
formula is Ou,C03,2€luHO. It dissolves in ammonium salts and 
in acids, but is insoluble in water. 

The Silveb Salt is produced by the action of nitrate of silver 
on soluble carbonates : it is a white predpitate. Its formula is 
Ag^CO,. It is soluble in ammonium salts and in adds, but in- 
soluble in water. 

The Mebcitbous Salt is produced by the action of mercurous 
nitrate on a solution of a carbonate : it is a yellow precipitate. Its 
fonnula is (Hgj),^,. 

p5 
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The MEBcrmiq Salt is brownish red. Its formula is Hg;CO,, 
HgjO. It is slightly soluble in carbonate of potasfiium, soluble 
in chloride of ammonium and in acids ; in water it is insoluble. 

The Lead Salt is white. Its formula is PbaC0„2PbH0. It 

is soluble in 23,450 parts of water containing acetate^ hydrate, or 

carbonate of ammonium, more soluble in water containing nitrate 

of ammonium ; it is readily soluble in many adds. 1 part dissolves 

-in 50,551 parts of pure water at the ordinary temperature. 

This acid-radical may be readily recognized by the products of 
its decomposition. 

a. Almost any add, however weak or dilute, wheii added to a 
soluble or insoluble carbonate, causes its decompodtion ; and the 
resulting carbonic add, by its resolution into water and the 
gaseous anhydride CO,, gives rise to the phaenomenon of effer- 
vescence. Effervescence is caused by the escape of several other 
gases, such as hydrosulphuric add or sulphurous anhydride, when 
certain sulphides or sulphites are similarly treated : but a pecu- 
liarity attends the formation of carbonic anhydride from carbo- 
nates ; for all these salts, wheOur iiMolubU or not, and whatever 
basic radicals tJiey may contain, are decomposed by adds, even 
the weakest, with evolution of the gas CO,. Now, although with 
the sulphides and cyanides of the first and second subdivisions, 
and with some few others, a somewhat similar evolution of gas 
takes place, yet it does not occur with all, and in many cases re- 
quires the employment of certain powerful adds. Chlorides too, 
espedally alkaline chlorides, effervesce, evolving hydrochloric acid 
(HCl) when treated with concentrated sulphuric acid ; but weak 
sulphuric acid has no action upon chlorides unless heat also be 
applied. 

/J. The carbonic anhydride (CO,), usually called carbonic add 
gas, which is obtained in the reaction of adds upon carbonates, 
may be recognized by its peculiar smell, but espedally by its 
immediately forming a white precipitate of carbonate of barium 
when passed into baryta- water — a precipitate which, by the con- 
tinued passage of the gas, redissolves from formation of the 
soluble add carbonate (BaHCO,). The experiment may best be 
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made in the following manner : — ^Two small test- tubes are taken, 
fitted with perforated corks and tubes, as in ^„ 12, 

the annexed figure. Into the test-tube A, the 
suspected carbonate is to be placed, with only 
just sufficient water to cover the end of the 
tube at a. Sulphuric acid is then to be poured 
in at b, and the gas which issues from the tube 
c will then precipitate, from the baryta- water 
placed in the tube B, the white carbonate of 
barium. To assist in the detection of the gas 
where a small quantity only of material is pre- 
sent, the gas erolved may be drawn into the 
baryta- water by applying the mouth to the tube d, and so re- 
moving the original air from the test-tube B. 

SALTS 07 THB OXALIC BADICAL, OB OXALATES. 

The oxalates are very nimierous, induduig salts of almost 
every basic radical, elementary or compound. Under ordinaiy 
conditions, oxalic acid and oxalates are very stable bodies. This 
radical forms an immense number of double salts, and many acid 
salts. The following formuke represent some of these com- 
pounds : — 

KC,0 MHC.O, M,C,0, MH3C,0,. 

ozaUc add. acid oxi^te. normal (or neutral) quadroxalate. 

oxalate. 

Oxalates, when submitted to a slightly elevated temperature, 
decompose, leaving a carbonate of the metal and evolving car- 
bonic oxide (CO), or leaving a residue of oxide and evolving both 
carbonic oxide and carbonic anhydride, thus : — 

Ca,C,0^=Ca,CO,+CO ; or Zn,C,0,=Zn,0+CO-f COj,. 
This difference in the products depends upon whether the car- 
bonate of a base can withstand the temperature at which the 
oxalate decomposes. The oxalates of potassiimi, sodium, and 
calcium are found in the juices of various plants ; and the hy- 
drogen compound of this radical is also a very common product of 
the action of oxidizing bodies upon complex molecules. 
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The HTDBoasir Salt (H,C,0^, or H,0), or oxalic add, is a 
white cryBtalline solidy which sublimes between 100^ and 162° 
without decomposition, and condenses in slender colourless nee- 
dles : it is poisonous, and its vapour when breathed has a most 
irritating effect. 

The oxalic radical may be detected both by certain insoluble 
salts, and by its decomposition. 

Many oxalates are insoluble in water — ^in feu^t, the majority of 
the neutral salts : many of the add salts are more soluble ; but it 
is singxdar to find that, among the oxalates of the first subdiyi- 
don, the acid salt is generally less soluble than the neutral one. 

The Potassittm and Sodium Salts are comparatiTely soluble in 
water, although the latter (Na^C^O^) requires as much as 36-4 
parts of cold, or 24-6 of boiling water for its solution. 

The Babixtm Salt is precipitated by adding chloride of barium 
to solutions of oxalic acid or oxalates : if the add be employed, 
crystals of the add oxalate speedily separate ; if a soluble oxa- 
late, an immediate dense white predpitate of neutral oxalate will 
fall. The complete formula of the former salt is BaHC,0^-h2aq ; 
of the latter, Ba^C,0^-faq. They are both sparingly soluble in 
cold water ; the add salt dissolves more readily in hot water ; they 
both dissolve also in chloride of ammonium solution. (See p. 85.) 

The Stsontium Salt is produced by the action of nitrate of 
strontium on oxalic add or soluble oxalates. Its formula is 
STjCjO^. It is sparingly soluble in cold water, but only requires 
19*2 parts of boiling water for solution. (See p. 88.) 

The Calcium Salt is produced by the action of soluble caldum 
salts 04 oxalic acid or oxalates: it is a white granular pre- 
cipitate. 

Its formula is Ca^C^O^+aq. 

It is insoluble in chloride of ammonium and in water ; it is 
also insoluble in acetic acid, but dissolves in the stronger adds 
readily. 

The Maoitesium Salt is soluble. 

The Febbous and some othsb Salts of the third and fourth 
subdividons are soluble ; but the majority are sparingly soluble. 
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The Cttpboxts Salt is white ; it is soluble in hydrate of am- 
monium. 

The Cttpbic Salt is a greenish blue precipitate. Its formula 
is Ca^CaO^+aq. It is soluble in neutral alkaline oxalates, and 
in hydrate, carbonate, and succinate of ammonium, but not in 
other ammonixmi salts. It is insoluble in water, in oxalic add, 
and in warm dilute nitric acid. It dissolves in warm concen- 
trated hydrochloric add. 

The Silvbe Salt (Ag^CjO^) is a white precipitate. It dis- 
solves in hydrate and carbonate of ammonium, and in warm so- 
lutions of other ammonium salts. It is scarcely soluble in water, 
but dissolves in nitric acid. 

The MEBCiTBOxrs Salt is precipitated by the action of mercu- 
rous nitrate on oxalic acid or soluble oxalates: it is a white 
precipitate. Its formula is (^2X^2^*+^* ^^ ^^ ^^^ slightly 
soluble in water or in dilute acids. 

The Merctjbic Salt is a white precipitate. Its formula is 
Hg^CgO^+aq* It is soluble in solutions of chloride and nitrate 
of ammonium, insoluble in water and dilute adds, somewhat 
soluble in sulphuric add, and dissolved easily by other strong 
adds. 

The Lead Salt b a white predpitate. Its formula is Pb^C^O^ 
(dried at 140^). It is soluble in most ammonium salts, the 
hydrate and carbonate excepted ; it is insoluble in water and in 
acetic acid, but soluble in nitric add; it is somewhat soluble 
in oxalic add. 

The oxalates may be detected by the decompodtion of their 
add-radical. 

a. When to an oxalate some strong sulphuric add is added, 
and the mixture warmed, the oxalic add thus liberated undergoes 
instant decompodtion, partly from the tendency of sulphuric 
add to form a hydrate : 

H,C,0,+H,SO,«H,SO^, H,0+CO+CO,. 
Condderable effervescence ensues from the escape of the carbonic 
anhydride and carbonic oxide gases ; and the latter gas will be 
found to bum with a blue flame. This action of sulphuric add, 
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wWunU any hladcening of the sabstance under examinatioii, 
points decisiyely to the presence of oxalic acid ; for though the 
salts of some of the more complex acid-radicals yield carbonic 
oxide also, they blacken simultaneously, the ferrocyanides ex- 
cepted. 

/3. If, instead of sulphuric acid alone, a mixture of binoxide of 
manganese (Mn^O,) and sulphuric acid be made to act upon 
oxalic acid, the sole gaseous product of the reaction is carbonic 
anhydride (COj). 

SALTS OF THE BORAaC BADICAL, OB BOBATBS. 

These salts are by no means of such firequent distribution in 
nature as the carbonates ; they occur in some few minerals, and 
in greater abundance in the hot lakes or boracic lagoons of 
Tuscany, into the waters of which the vapours are conyeyed 
which rise firom the volcanic bottom. These vapours, which are 
charged with boracic anhydride (BOaO,), yield it to the water, 
with which it combines to form boracic acid. It is generally 
met with in commerce combined as borax, the biborate of 
sodium. 

Most borates may be heated on charcoal without decomposi- 
tion. The use of borax as a blowpipe reagent is well known. 

The Htdbogek Salt crystallizes firom a hot aqueous solu- 
tion ; but if these crystals be heated, they evolve water, and yield 
a fiised glassy substance, which is the so-called anhydrous acid 
(BOjOg). This body bears the same relation to boracic add 
as chromic anhydride does to chromic acid. When dissolved 
to saturation in hot water, it separates on cooling, in the form 
of hexagonal laminae having a pearly lustre and the formula 
HBoO^+a^* It may be considered as the representative of what 
are called the monoborates, which have the formula MBoOj^-fnaq. 
If these crystals be heated to a temperature considerably above 
100°, they part with the elements of water, and another hydro- 
gen compound is obtained (H, Bo^O^), which, when written with- 
out its 2 eqs. of accidental water, becomes H^ Bo^ 0^, and may then 
be considered as the type of the biborates. The biborates may 
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also be viewed (like the bichromates) as combinations of the an- 
hydride (BO2O3) with the monoborates ; thas we have the following 
equation when we disregard water of crystallization : — 

2HBoO,4-Bo,03=H^ Bo,0^. 
The rationale of the process whereby the biborates are pro- 
dnoed may be as follows : — ^we may suppose that, under the in- 
fluence of heat, 1 molecule of the anhydride (Bo,0,) is formed 
finom 2 equivalents of boradc acid, thus : — 

2(HBoO„ H,0)«.Bo303+3H,0 ; 

the body, Bo^O,, thus formed, then unites with 2 equivalents of 
undecomposed acid to form the biborate of hydrogen. Or we 
may merely express the change as follows : — 

4(HBoO^H,0)=H,Bo,0„2H,0+3H:,0. 
Borates, then, may be of at least two classes, borates and bibo- 
rates. The latter salts are much more stable than the former — 
so much so, indeed, that even the potassium salt of the former 
series, by mere exposure to the air, absorbs carbonic anhydride, 
and becomes converted into the carbonate and biborate, thus — 

4KBoO, + CO,=K^CO, + K, Bo^O,. 

Nor are these the only classes of borates. Just as boracic an- 
hydride combines with borates to form biborates, so additional 
proportions of this body yield salts which have been caUed ter-, 
quadri-, and sex-borates. The formulas of the sodium (or potas- 
sium) salts of these compounds are— 

Borate Na Bo 0,. 

Biborate Na^Bo^ 0^ =2NaBoO,-h Bo^Oj. 

Terborate K, Bo, 0^^^2KBoO^ +2Bo,0,. 

Quadriborate Na^Bo, Oi3=2NaBo03+3Bo,0,. 

Sexborate Na3Bo„0„=2NaBo03+5Bo,0,. 

The borates, biborates, and sexborates are pretty well known ; 
but not so the others. 

The boracic radical may be recognized both by the formation 
of sparingly soluble salts, and by processes of decomposition. 

The normal borates are more soluble in water than the others. 
Of the biborates, which are the most common boracic salts, 
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almost all, excepting those of the fiist subdivision, are insolable 
in water. 

The Potassittk Salt (E^Bo^0^+5aq) is soluble. 

The SoDruM Salt (NajBo^O^+lOaq), or borax, is soluble. 

The Basittic Salt is produced by the action of soluble barium 
salts on a solution of borax. It is a white precipitate. Its 
formula is 'Ba^'Bo^Oj-\'2&q. It is soluble in excess of chloride 
of barium, also in ammonium salts ; it dissolves in 100 parts of 
cold water, and in a smaller quantity of boiling water ; it is so- 
luble in acids. Before the blowpipe it fuses to a grey glass. 

The Stbontittm Salt is produced by the action of a soluble 
strontium salt on a solution of borax : it is a white precipitate. 
It dissolves readily in cold solutions of chloride or nitrate of 
ammonium ; 1 part is soluble in 130 parts of boiling water. 

The Calcium Salt is produced by the action of a soluble cal- 
cium salt on a solution of borax. Its formula is Ca,Bo^O^+aq 
after having been air-dried. It is scarcely soluble in water, but 
dissolves in acids. Before the blowpipe it fuses to a glass. 

The Ferrous, Ferric, and makt other Salts of the third and 
fourth subdivisions are yellowish or white precipitates, insoluble 
in water. 

The Ctjpric Salt is a pale green precipitate, slightly soluble 
in water, and dissolved easily by a solution of boracic acid. 
Before the blowpipe it fiises to a green opaque glass. 

The Silver Salt is white: its formula, under all circum- 
stances, is AgBoO,. It is sparingly soluble m water. 

The Mebcttroxts and Mercttbic Salts do not appear to exist ; 
the biborates precipitate basic mercury compounds. 

The Lead Salt is obtained by the action of soluble lead salts 
on a solution of borax : it is a white precipitate. Its formula is 
Pb, Bo^O^. It is insoluble in excess of its precipitant, but slightly 
soluble in pure water. 

This acid-radical is also detected by the following experiments. 

a. When sulphuric add is added to the aqueous solution of a 
borate, boracic add separates in characteristic crystalline scales 
(HBoOg-f-aq). If the boracic add be then dissolved in alcohol, 
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and the solution kindled^ the flame produced will have a dark 
green edge, beet seen against a black background. In this ex- 
periment, the presence of chlorides and of copper salts should be 
avoided. 

/3. The most characteristic reaction of boradc acid is the 
action of its aqueous solution on turmeric paper. All other acids 
exert no influence upon ordinary yeUow turmeric paper, or, if it 
has been browned by an alkali, they simply restore its original 
colour; but boradc acid behaves like an alkali, turning the 
yellow of the paper to a reddish brown. The suspected borate 
is mixed with hydrochloric acid, and into the mixture a small 
piece of turmeric paper is placed. The test is applied in a white 
porcelain dish. 

y. Sulphuretted hydrogen and ferrocyanide of potassium pro- 
duce no characteristic actions upon boradc acid or soluble borates. 

SALTS OF THE SILICIC BADICAL, OB SILICATES. 

These salts are of universal distribution in nature : they form 
a very large proportion of the rocks constituting the earth's crust, 
and enter into the composition of many minerals. 

Heated before the blowpipe, most silicates fdse to a colourless 
or coloured glass. 

The Htdbo&en Salt (HSiOJ, or siHcic add, is not very well 
known; it is believed that the body termed gelatinous silica 
has, when air-dried, this formula, but when dried at 100^ the 
formula H^Si^O^, i.e, 2SSiO^^Sifi^: at a higher temperature 
it is resolved into water and silidc anhydride (Si^O,). This 
body (Si^O,), which bears the same relation to silidc add 
(HSiO,) as boradc anhydride (Bo^O,) bears to boracic add 
(KB0O2), is of very common occurrence, and is familiar to every 
one under the forms of quartz, amethyst, siliceous sand, flint, 
and chalcedony. Silicates are as various in their constitntion as 
they are great in number ; but, as we have seen in the tung- 
states, chromates, and especially in the borates, a number of 
add-radicals may be built up by the assimilation of suocesdve 
additions of the body which has been termed the anhydride, 
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into which and water all these complex acids are capable of 
splitting. 

Silicates are best recognized^ not by the formation of insoluble 
salts, but by certain characteristic products of decomposition 
which they yield. 

Silicates are veiy generally insoluble in water, the neutral and 
basic silicates of the first subdiyision being almost the only ex- 
ceptions. 

The Potassitjk Salts KSiO^, K^Si^O^, and K^SiyOij are solu- 
ble in water ; the salts K, Si„ 0^, K^ Si,, 0,, + 9aq, and K, Si,^ O^ 
-f 16aq are insoluble. 

The Sodium Salts NaSiO,-|-3aq, Na^Si^O^o, and Na^Si^O^ 
+12aq are soluble in water ; those containing a larger addition 
of silicic anhydride are insoluble. 

The BABTDiCy Calctdh, and MAeiTEsnTu Salts are white. They 
are insoluble in water, but soluble in acids. 

The Febbous and othee Salts of the third and fourth sub- 
divisions are insoluble in water. 

The Gupmc Salt is green ; the Silyeb and Mebctjbottb Salts 
white. 

The Mebcubic Salt is tolerably soluble : it occurs in small 
dark crystals. 

The Lead Salt is precipitated from silicofluoride of lead by 
hydrate of ammonium: it is a white precipitate, insoluble in 
water. 

This add-radical is inyaiiably reoogxnzed, by the decomposition 
and behaviour of its salts. 

a. Many silicates, insoluble in water, are readily dissolved by 
acids ; others, again, are insoluble both in water and in all acids, 
the hydrofluoric excepted. The latter class of silicates may be 
converted into compounds quite soluble in acids and even in 
water, by the following process : — ^The insoluble silicate is mixed 
with four times its weight of hydrate or carbonate of potassium, 
or of the mixed carbonates of sodium and potassium, and the mix- 
ture fused for 15 minutes ; the mass should remain quite liquid 
for 10 minutes; this fusion of course yields the alkaline silicate 
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by ordinary double decompositioii. By the preceding process, a 
mass will be obtained which, in most cases, will dissolve slowly 
in water, or at least the alkali and alkaline silicate will dis- 
solve, leaving a residue of metallic carbonate or oxide. In acids 
the fused mass will dissolve readily ; and then, if to the solution 
we proceed to add excess of acid (e. g. hydrochloric add), a pre- 
cipitate of silicic add will be formed, which, on the addition of a 
further portion of acid, again dissolves. If now the dear so- 
lution be evaporated to perfect dryness on a water-bath (at 
100°), then moistened with water, and again evaporated to en- 
sure the expulsion of all firee add and moisture, the decompo- 
dtion of the silidc add into water and silidc anhydride will have 
taken place, and the resulting white powder will be found per- 
fectly insoluble in water and in all acids except hydrofluoric. 
So perfect is this decompodtion, that the most minute trace of 
silidc add may be thus detected, and it is employed in the 
quantitative estimation of this substance. 

/3. An experiment already given on page 66, and also described 
as one of the tests for the presence of fluorine, serves for the 
detection of silicon. A small tube of lead closed at one end, 
perfectly dry, and fitted with a dry cork and leaden delivery- 
tube, is employed ; and into this vessel a mixture of equal weights 
of the substance to be tested for silicon and of fluoride of calcium 
is introduccidy together with about twice the bulk of oil of vitriol. 
The delivery-tube should then be dipped under the surface of a 
small quantity of water contained in a cup of lead, and heat 
applied to the mixture : if silicon be present, the gaseous ter- 
fluoride of silicon (SiF,) will be disengaged, which, coming in 
contact with water, will yidd a gelatinous precipitate of silicic 
add, and the solution will contain hydrofluodlicic add, recog- 
nizable by the usual tests. 

y. When gelatinous silidc acid is dried, it yields, as has been 
stated, the anhydride (81,0,), a fine white scaly powder of ex- 
treme lightness. If now a bead of carbonate of sodium be made 
on a platinum wire, and, when it is red-hot, silidc anhydride be 
added little by little, fusing the bead between each addition of 
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substance, a period will arrive at which the bead no longer pre- 
sents the opacity of fiised carbonate of sodium when odd, but 
remains perfecdy peUtieid, 

d. K a bead of microcosmic salt be made, and some silica 
(SijO,) fused with it, the anhydride wUl remain undissolved, and 
float about the bead as a network or skeleton. 

e. HydroBulphuric add and ferrocyanide of potassium give no 
characteristic reactions with silicic acid. 

This radical is usually detected by the tests a, /3, and y. 

0/ compound acid'Todicals containing tantalum and oxygen, two are 
known : they occur in a mineral termed " Tantalite," one yariety of whii^ 
oonsiflte of ferrous tantali^ Fe^Ta^O,; other yarietieB are compoeed of 
ferrouA tantalo^, FeTaO,. 

8ALT8 OF THV TAFTALIC RADICAL, OR TARTALATX8. 

Tantalic add, and many tantalatcB, when heated, yield tantalic anhydride 
(Ta,0,). 

Ths Htdroorn Sai/t (HTaO,), or tantalic add, is known: it is ob- 
tained as a snow-white bulky predpitate, quite insoluble in water, and, 
when washed, but slightiy soluble in many adds, except sulphuric add, firom 
its solution in which, water repredpitates it, and hydrochloric add, which 
dissolres it somewhat more abundantly. It dissolyes readily in the hydrate 
or the add oxalate of potassium, in boiling solutions of alkaline carbonates, 
and in hydrofluoric acid. The formula of the predpitate is HTaO^+aq. 

The tantalic radical is detected bj the formation of insoluble salts, but 
especially by processes of decomposition. 

The alkaline tantalates are soluble in water, but are predpitated by or- 
dinary salts of ammonium. The sodium salt is also precipitated by the 
addition of excess of hydrate or carbonate of sodium, — a behariour whereby 
tantalic add is distinguished from all other adds (except niobic and pelopic), 
particularly from tnngstic add, to which, in many points, it bears a great 
resembluice. 

Thr Potassium Sai/t is soluble in pure water, nearly insoluble in cold 
carbonate of potassium solution. 

The Sodium Salt \a sparingly soluble in cold water ; when the solution 
is boiled, it deposits a bitantalate. 

Ths Barium and Calcium Salts are white and insoluble. Thr Calcium, 
Maonssium, and Copprr Salts are unknown. 

The SiLyER Salt is white and insoluble. 

The Merourt and Lead Salts are unknown. 

This add-radical is detected by the following tests : — 

a. From soluble tantalates, hydrochloric add predpitates tantalic add 
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(HTaO,), which, on addition of ezoesB of the predpitsnt, U redusolred, bat 
again uparates on the addition of sulphuric acid and Buboequent ebullition, a 
oomponnd of that acid with tantalic acid being produced. 

P, If into the sulphuric acid precipitate (just mentioned) still remaining 
in the alightlj acid liquid a strip of zinc be plunged, as it dissolves, a fine 
blue colour will be imparted to the liquid ; this tint wUl, howerer, change to 
a brown, and, finally, brown flakes will separate, which, after some time, will 
become oxidized, and conrerted into tanfj^ljo acid. 

y. Precipitated tantalic add is insoluble after ignition, in all adds, and 
must, like ignited silica (Si^Os), be fused with hydrate or carbonate of 
sodium. 

d, Hydrosulphuric add does not predpitate an add solution of tantalic add. 
«. In a slightly addified solution of tantalic add, ferrooyanide of potassium 
produces a 3reIlow predpitate, and ferricyanide a white. 

Of compound acid-radicals containing niolnum and oxygsfif one is known, 
the radical of niobic add. Of its salts, the niobiates, almost all that has been 
said regarding the tantalates equally well applies. The add is, howerer, mora 
completely separated from its salts than tantalic add is from fa^nf^W^t on 
the addition of sulphuric add, not requiring the aid of heat 

Of compound acid^adicah eorUaming pelopium and oxygen, one is known, 
that existing in pelopio add. Its salts bear the dosest resemblance to the 
tantalates and niobiates. 

SALTS OF THB TITANIC RADICAL, OR TITAITATBS. 

Two combinations of titanium with o^gen are known; the lower oxide 
has not, however, been observed to manifest any tendency to pass into an 
add-radical. The titanic radical occurs in numerous minerals. In Titanite 
it occurs as titanate of caldum (Ca^Ti^O,) associated with silicate of caldum, 
while it is most frequently found in Uie varieties of titaniferous iron, one of 
which, Bmenite, is <^ ferrous titanate (Fe^Ti^O,). 

Titanic add when heated before the blowpipe yields the infusible titanic 
oxide Ti^O,. The titanates are not generaUy decomposed by fusion, but, on 
the contrary, many salts of this radical are prepared by fiiahag titanic oxide 
with metwllio carbonates. 

Thb Htdrogbit Salt is prepared just as the analogous compound of 
sOioon, by the gradual addition of an add. It is a white, flooculent, and 
bulky predpitate, and consists (when dried in vacua over sulphuric add) of 
the pure substance H^Ti^O,. The add thus obtained, if washed with oold, 
not with hot water, dissolves readily in adds, but not in the hydrates of the 
first subdivision, and only to a trifling extent in alkaline carbonates. When 
the add solution of titanic add is diluted with much water and boiled, a 
predpitate occurs, probably of the body (Ti^O,) already mentioned as obtained 
by the ignition of the add. It is a white predpitate, becoming yellow on 
heating. It is quite insoluble in vreter, and in all adds except hydrofluoric 
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and boiling salphnric adds. It oooors naturallj in the mineralB Bolile and 
Anatma, 

The titanatoB are, for the moefc part, inaolable in water. The monotitanafies 
of the first snbdivialon are deoompofled b7 water into a banc salt, which dia- 
Bolvea, and an add salt, which is predpitated. The barium, oaldum, atlver, 
mercury, and lead salts are unknown. 

This add-radioal is recognised by the following processes of decom- 
position : — 

a. When the hydrochloric solution of titanic add is diluted and boiled, 
the oxide or anhydride (Ti^O^) separates as a white powder. 

p. The oxide Ti^O, requires fusion with carbonate of sodium to render it 
soluble. 

y. If into the hydrochloric solution of titanic add a strip of lino be infzo- 
duoed, a blue solution will be obtained ; and from this a reddish or Tiolet 
predpitate will separate, which gradually oxidizes into the white titanic add. 

i. Titanic anhydride (Ti^Oj,), when fused with microoosmic salt in the re- 
ducing flame, giTes a yiolet-blue bead on cooling : the colour Ib rendered 
more evident after the addition of tin. If iron be present, a yellow or blood- 
red bead will be produced in the reducing flame. 

€, Hydrosulphuric add does not predpitate an add solution of titanic add. 

Z' Ferrocyanide of potassium giyes a dense orange brown predpitate in a 
solution of titanic add in weak hydrochloric add. The predpitate is soluUe 
in excess of the predpitant. 

BAITS OF THB BULPHOCABBOKIC RADICAL, OB BULPHOCABBOITATSS. 

These salts are usually of a yeUow, red, or brown colour ; many of them 
decompose with rapidity into sulphides. They dosdy resemble the car- 
bonates in constitution, the oxygen of those salts being replaced by sulphur, 

thus — 

^ Cj O,, Kg Cj Sj. 

carbonate of ralpfaoourtionate of 
poUaaium. potaaaium. 

On a slight increase of temperature, the sulphocarbonates decompose into 
bisulphide of carbon (CS,) and metallic sulphides. 

Thb Htdroobn Salt (H^C^S,) or sulphocarbonic add, is a reddish 
brown, transparent, oily Uquid, denser than water ; it has a very peculiar 
odour, and is prone to decompose into hydrosulphuric add and the body 
CS^, which is the sulphocarbonic anhydride, and bears to sulphocarbonic 
add the same relation that carbonic anhydride (CO,) bears to carbonic add 
(H,CO,). 

The sulphocarbonates may be recognized by certain insoluble compounds, 
and also by their products of deoompodtion. 

The soluble sulphocarbonates have a saline and somewhat sulphureous 
taste ; those of the first and second subdiridons are soluble in water, as are 
also some members of the third subdiTinon. 
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Thb PoTAssnTM, Sodium, BAuim, SrsoHnuM, CiLOiuif, and MAoinaiuM 
HAvn are Boluble. 

QThb Cupric Salt is red-brown when predpitatod from sulphocarbonic 
aoid, dark brown when from aolphocarbonate of calcium (Ca^CS,); it ia 
soluble in exoeaa of its predpitanta ; it beoomea black on drying. 

Thb SiLTsa Salt ia produced by the action of sulphooarbonate of calcium 
on ailTer aalta : it is a dark brown precipitate, which becomes black on dry- 
ing. It is soluble in excess of its precipitant. 

The Morcnric Salt ia yellow wh^ precipitated by sulphooarbonate of 
ammonium ([NH^j^CS,), black when the calcium salt is employed. The 
yellow salt passes from yellow to orange red and black, with evolution of 
bisulphide of carbon. 

The Lead Salt ia dark brown when precipitated by sulphocarbonate of 
oaknum, but red when sulphocarbonic acid or the ammonium salt is em- 
ployed ; it rapidly becomes black from separation of sulphide of lead (Pb, S). 

The sulphocarbonic radical may be readily diaHngniahed by the following 
tests: — 

a. When to the solution of a sulphocarbonate a strong add ia added, the 
Bulphocarbonio add liberated is at once decomposed into hydroaulphurio 
add and the oily body, bisulphide of carbon (CS,), both produeta bdng 
easily identified not only by their reaotiona but bj their unmistakeable and 
unpleasant odour : 

Hji CS3 ^£[3 S+CSj. 

p. If the aqueoua solution of a sulphocarbonate be eyaporated two or three 
times with excess of sulphide of ammonium, and the resulting mass dissolyed 
in water, filtered, and the solution then tested with ferric chloride (Fe^Cl,), 
the fnagnificent blood-red colour of sulphocyanide of iron will be produced. 

This radical ia perhaps best recognized by the formation, Ac of the mer- 
curic and lead salts, and by the tests a. and p, 

SEcnoN m. — TTie cyanides, cyanates, and sulphacyanides ; the 
ferrocyanides, ferricyanides, and eohaUicyanides ; the for^ 
miates, acetates, henzoates, succinates, tartrates, lactates, ci- 
trates, gaUates, tannates, and urates, 

SAI/rS OF THE COMPOUND ACID-RADICAU3 WHICH CONTAIN 
CABBON AND NITROGEN ; CAKBON, NITEOGEN, AND OXY- 
GEN; CABBON, NITBOGEN, AND SULPHUB; CABBON, NI- 
TBOGEN, AND METALS ; CABBON, OXYGEN, AND HYDBO- 
GEN ; AND CABBON, OXYGEN, HYDBOGEN, AND NITBO- 
GEN. 

To these salts the term '< organic" is generally applied, firom 
their natorally occaning almost solely in the organic kingdoms 
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of nature. Many of these bodies do not, however, occur actually 
in nature, but are the artificial products of a chemical action upon 
natural substances. It was thought till recently that the bmlding 
up of complex molecules from the common and simpler bodies at 
his disposal was not within the power of the chemist : but the 
experiments of recent years have shown this to be a fallacy ; for, 
by skilful manipulation and ingenuity of contrivance, many most 
complicated substances have been artificially constructed. Nu- 
merous bodies have not yet been thus produced ; but their number 
is constantly diminishing. By a consideration of the members of 
this section, it will be seen that they are often arranged in series, 
somewhat after the manner of the borates, already aUuded to ; 
and it needs but Uttle discernment to predict that, if by a certain 
process one member of such a series can be formed, by a slight 
variation of the experiment to suit the circumstances of the spe- 
cial case, every member of the group may probably be produced 
at wiU. The invention of a method is a discovery ; but the pro- 
duction of all subsequent members of the series is but the appli- 
cation of a principle. 

Of odd-radicals formed hy the union of earhan with nitrogeny 
one only is of any analytical importance, viz. cyanogen. 

SALTS OF CTAKOGEN, OS CYANIDES. 

These bodies occur in some few organic products; and the 
radical may also be formed directly from its elements by exposing 
hydrate or carbonate of potassium to the joint action of carbon (or 
carbonic oxide) and nitrogen, at a high temperature. This action 
has been made to take place by employing charcoal saturated with 
the salts just mentioned, and heating it strongly in a vertical shaft 
to which the nitrogen, &c. of a fumace-flue was admitted by ap- 
propriate openings. The radical is thus obtained in combination 
with potassium. It may aJso be obtained by the decomposition of 
ferrocyanide of potassium. (See p. 53.) 

The cyanides of the first subdivision may be fused without de- 
composition, excepting the ammonium salt, which volatilizes un- 
changed ; the fusion may be effected on charcoal. The cyanides 
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of the second subdivision also sustain a high temperature without 
change. Many other cyanides, however, decompose into cyanogen 
gas and metal, or into cyanogen gas and a mixture of the metal 
with &paracyanide: such cyanides are the silver and mercuric 
salts. Others, again, are resolved into their elements — carbon, 
nitrogen, and metal; e,g, cyanide of lead (PbCN or PbCy). 

Thb Htdkogew Salt (HON or HCy), hydrocyanic or prossic 
add, is remarkable as being one of the most terrible poisons 
known. It is a transparent, colourless, mobile liquid of sp. gr. 
0-705— 0-710 at 0° C; it freezes at —16°, boils at 27^-5, and 
volatilizes in the air with such rapidity, that the cold pro- 
duced by the evaporation of a portion freezes the remainder : it 
is inflammable, burning with a pale blue flame. In a state of 
great dilution, it is used in medicine. Pure hydrocyanic acid and 
its aqueous solution, if tolerably concentrated, rapidly decom- 
poses, yielding ammonia and a brownish black powder. The 
presence of a trace of mineral add prevents this change ; but a 
large quantity of a strong acid itself causes a decomposition, the 
hydrocyanic add then yielding an ammonium salt and formic 
acid, thus — 

HCN+HC1+2H,0=NH,C1+HCH0,. 

hydropranio formic 

add. add. 

This radical may be detected both by the formation of insoluble 
salts and by its products of decompodtion ; also by certain com- 
plex bodies whidi it may be made to yield. 

Eegarding the solubility of cyanides, it may be stated that the 
salts of the first and second subdividons are readily soluble in 
water : for the bases of the first half of the third subdividon this 
radical exhibits little affinity; but the cyanides of iron, manganese, 
cobalt, nickel, and zinc, and those of the fourth subdividon, are 
for the most part insoluble in water. The insoluble cyanides all 
exhibit the peculiarity of dissolving in excess of alkaline cyanide, 
to form compounds in which a new, and often very stable, com- 
pound add-radical is believed to exist. 8uch a change is repre- 
sented, in the case of iron, by the following equations : — 
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KCy +FeCl=reCy +Ka ; 

ppt 

FeCyH-2KCy=2KCy, FeCy=K,FeCy,. 

double oyanide ferrocyanide 
of potaBsiam of potunum. 
andiron. 

The ferrocyanides are usually written M^Cfy. These changes 
have already been alluded to under iron and cobalt, pp. 120, 132. 

The Potassitju;, Sodium, Babiuk, Stbontiuic, Galciuic, and 
Magnesium Salts are soluble. 

The Febbous Salt (FeCy) is a light reddish brown precipitate. 
(See p. 120.) 

The Gupbous Salt is white : it is generally produced by adding 
to a soluble cupric salt, first, solphuroos acid, and then hydro- 
cyanic add or cyanide of potassium. Its formula is Cu,Cy. It 
is soluble in cyanide of potassium, in the hydrate and many other 
ammonium salts, and in concentrated hydrochloric acid. 

The Cupbic Salt is brownish yellow. It decomposes sponta- 
neously into cupro-cupric C3ranide and cyanogen gas. Its for- 
mula IB CuCy. It is soluble in excess of cyanide of potassium. 

The Silver Salt is a white curdy precipitate. Its formula is 
AgCy. It is soluble in allcaline cyanides and hyposulphites, in 
ferrocyanide of potassium, and in hydrate of ftrnmnmnTn. It is 
decomposed by strong hydrochloric, nitric, and sulphuric adds, 
more especially on boiling ; the dilute acids act but slightly on it. 

The Mebcubous Salt is unknown : mercurous nitrate produces 
with cyanide of potassium a grey predpitate of metallic mercury, 
mercuric cyanide being formed and dissolved. 

The Mebcubic Salt (HgCy) is soluble. 

The Lead Salt is white. Its formula is PbCy. It appears 
to be insoluble in the cyanides of caldum and potassium. It 
is decomposed by cold dilute sulphuric acid, but not by dilute 
nitric add. 

This acid-radical is also recognized by the following changes 
and decompositions : — 

a. When hydrocyanic add is set free by the action of a di- 
lute add on its salts (dilute hydrochloric add is found to answer 
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best*), and heat applied to the liquid, the acid, as it escapes, may 
be seen to be inflammable by applying a light to the month of the 
tube. It bnms with a bine flame. This vaponr has abo a most 
pecnliar smell, resembling, when dilnted with mnch air, the odonr 
of peach-blossoms ; it also produces a nngtdar sense of heat at 
the hack of the throat a few seconds after inhalation. These ex^ 
periments, and the others about to be described, if performed at 
all, should be tried on a very small scale, and with the greatest 
precaution. 

j3. If the mercuric or silver salt be obtained, dried, and care- 
fiilly ignited in a short and very narrow tube, the gas cyanogen is 
disengaged, which, though generally considered to be the acid- 
radical itself, is, as we have previously shown, more probably the 
cyanide of cyanogen, GyCy. This gas, upon the application of a 
light, bums with a violet flame. 

y. K a cyanide be decomposed by a drop or two of add, in a 
watch-glass over which is inverted a second watch-glass moistened 
with a trace of sulphydrate of ammonium solution containing 
sulphur in excess, placed in the centre of its concave surface (the 
circumferences of the two glasses accurately fitting), the hydro- 
cyanic acid evolved will be foond, after the lapse of a few minutes, 
to have given rise, by its action on the sulphide, to the salt known 
as sulphocyanide of ammonium, thus — 

HCy+NH,H8+8=NH^CyS+B[,8. 

The sulphocyanide thus produced may be recognized by a ferric 
salt ; but, in order to ensure success, the upper watch-glass should 
be placed in a water-bath (that all remaining snlphydrate of am- 
monium may evaporate), and to the residue a small quantity of a 
solution of ferric chloride added : the magnificent hhod-red colour 
of ferric stdphocyanide will be at once produced, and is indicative 
of the presence of cyanogen in the original substance tested. 

* When it ia desired to digtingiiiflh the odours of adds, ooncentrated re- 
agents should not in general be employed as liberators of the adds ; for 
nitric, hydrochloric, and sereral other acids, being themselves Yolatile, may 
completely mask all other odours by their own pungent vapours. 

a2 
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B, If we take an alkaline cyanide (which may be made from 
any other cyanide by boiling the latter with hydrate or carbonate 
of potassium and filtering), and add to it a solution containing a 
ferrous and a ferric salt, warming the Hquid at the same time, 
the excess of alkali present will of course produce a dense pre- 
cipitate, consisting apparently of ferrous and ferric hydrates only ; 
but if to the precipitate an excess of dilute hydrochloric add be 
added, the presence of a blue compound^ previously masked, 
will be rendered manifest. This precipitate is Prussian blue 
([Fe^JaGfy,), or ferric ferrocyanide ; and its production is an ex- 
cellent indication of the original presence of cyanogen, 

A word of explanation with regard to the formation of the 
ferrocyanogen salts just described may be introduced here. The 
ferrous and ferric salts, though added simultaneously, may be more 
conveniently considered as acting separately; and the changes 
may be regarded as taking place in the following order : — 

(KCy+PeHO=FeCy+KHO 
femma 
hjrdnUe. 
2KCy +F©Cy =B;PeCV3 =:KaOfy. 
ferrocjuiiae of pottnttmn. 



2. 



8KjCfy+2Fe,H,0,=(Foj)2Cfjr3+6KHO, 
ferric hymite. pruauan blae. 



e. Mixed solutions of hydrate and cyanide of potassium dissolve 
mercuric oxide (Hg^O) with great facility ; and since this oxide 
is quite insoluble in a solution of hydrate of potassiiim which has 
been mixed with any other salt but an alkaline cyanide, this 
solvent power is therefore an indication of the presence of 
cyanogen. 

Cyanogen is most usually identified by the tests fi, y, and Z. 

Of acid-^adicah formed by the union of carbon^ nitrogen, and oxygen^ one 
is known, the cyanic. 

BAUT8 OP THB CTAIQC RADICAL, OB CTANATX8. 

The aalts are commonly obtained by the action of ozidiong agents npon 
cyanides. The potassiam salt may be readily produced by fusing cyanide of 
potassium with the oxides of lead or copper; "red lead" is finquently em- 
ployed for the purpose. 
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Allralmft (^aiuites are not daoompofled hj ample fadon ; but, like all other 
oyanatee, they are instantly deoompoeed when heated on charooal. 

Ths Htdboout Savt (HCyO), or cyanic add, is a oolourleas liquid 
which has a peculiar odour intermediate between that of acetic acid and 
that of sulphurous anhydride (SO^). It presents the peculiarity of spon- 
taneously changing into a white solid called cyamelide. An aqueous solu- 
tion of the acid yields, at ordinaiy temperatures, add carbonate of ammo- 
nium, thus — 

HCNO+2HaO=NH^HCO,. 

Most of the cyanates are more or less soluble in water, those of the first 
and second subdivisions dissolving readUy. 

The Potassium, Sodium, Babium, Stsortium, CALauM, and Maqitbsium 
Salts are soluble. 

Thx Febsous Salt does not exist 

Ths CuPRic Salt is a greemsh brown predpitate. 

The SilTOr Salt ib a white predpitate. Its formula is AgOyO. It is 
soluble in cyanide of potasdum and in hydrate of ammonium ; it dissolves 
sparingly in boiling water, and is almost insoluble in cold water. It is de- 
composed by dUute nitric add. 

Thb Mercuboub Salt is white. 

The Lead Salt ib white. Its formula is PbCyO. It is slightly soluble in 
boiling water, and is diasolyed, with deoompodtion, by dilute nitric add. 

This radical may also be detected by its deoompodtion. 

a. When cyanic add is set firee by the action of an add on a oyanate, it 
decomposes with an effervescence due to the escape of carbonic anhydride 
(CO2) : the pungent odour of cyanic add, which in part escapee undeoom- 
poeed, will be yery perceptible. If the liquid be tested for ammonium, 
additional evidence vdU be obtained of the original presence of the cyanic 
radical: the two reactions, which occur simultaneously when a cyanate is 
decomposed by an add, may be represented in one equation, — 

HjO+2KCN04-2Ha80^=HCNO+KHS04+KNH4S04+COj. 
p. Hydrosulphuric add is said to decompose cyanic add. 
The cyanic radical is generally recognized by the test a. 

Of add-radieah produced by the union cf carbon, nUphur, and nitrogen, 
one is well known, yiz. the sulphocyanic. Its soluble salts are yeiy useful 
as tests. 

SALTS or BULPHOCTAHOOEV, OB BULPBOOYAlVIDBS. 

The sulphocyanides are prepared much in the same way as the cyanates, 
substituting sulphur for oxygen : the potasdum salt, for instance, is generally 
obtained by fiidng ferrocyanide of potasdum vrith carbonate of potasdum 
and sulphur. (See p. 54.) 
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The sulphoojanides aro all moFB or lev easilj decomposed when heated, 
and jield yery yaried and rery nnmeroua prodiicta. 

Thb Htdbooin Salt (HCNS or HCsy), hydroflnlphoojanic acid, may 
be produced by aaturating hydrocyanio add with hydroeulphurio acid, and 
exposing the liquid to the air. When pure, it is a colourless oily liquid, 
having a pungent odour like that of acetic acid : it freews at 12^*5, boils at 
1Q2°'6. It is rery poisonous. On keeping, it is speedily reBolyed into a new 
add, hydropersulphooyanic add, with erolution of hydrocyanic add, thus — 

3HCNS=HCN+HaCa N, 8,. 

yellow ppt. 

Sulphocyanogen may be recognised by tibe insoluble salts whidi it fonns> 
by the remarkable colour of the ferric salt, and by the products of decompo- 
ntion which its compounds yield. 

The migoiity of the sulphocjranides of the three first subdiyiaionB are 
soluble in water. The chief insoluble compounds are the silyer, mercnrous, 
and lead salts. 

Thb Potassium, Somxtm, Barium, Stsoittium, Calcium, and Haokssium 
Salts are soluble. 

Th6 Forric Salt* though soluble, is yery characteristic : it imparts to 
water a magnificent blood-red colour. 

The Cuprous Salt is a white predpitate. Its formula is Cu^CNS 
( =Cu, Csy). It IB flcaroely altered by hydrochloric add ; but nitric and sul- 
phuric adds decompose it. 

The Cupric Salt does not separate from dilute solutions ; if concentrated 
solutions be employed, a precipitate is obtained which is grey from the ad- 
mixture of cuprous sulphooyanide. The pure cupric salt may be produced 
by adding some sulphuric add to a concentrated solution of sulphocyanide 
of potasdum, and then a saturated solution of cupric sulphate. A black 
crystalline predpitate, of the formula CuCNS or CuCsy will slowly separate. 
This substance is decomposed by pure water, but dissolved by ammonia 
water. Nitric, sulphuric, and hot hydrochloric adds dissdye it 

The Silver Salt i^ a white predpitate. Its formula is AgCNS. It is 
soluble in hydrate of ammonium, yery sparingly dissolved by boiling water, 
and insoluble in dilute nitric add. 

Thb Mbrourous Salt is white. Its formula is Hg,CNS. It is scarcely 
attacked by nitric add. 

Thb Mbrcuric Salt is soluble. 

The Lead Salt separates gradually from the mixed solutions of plumbic 
acetate and sulphocyanide of potasdum; it is more rapidly depodted cm 
agitation : it is a pale yellow crystalline predpitate. Its formula is PbCNS. 
It is decomposed by pure water : warm nitric add oonyerts it iuto sulphate 
of lead. 

This add-radical may also be detected by the deoompodtions which its 
compounds suffer. 
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flu "Wlieii a fiulpliooyvnide (that of potaflnum, for inatanoe) ia boiled with 
nitric add, or when chlorine gas is passed into the aqueous solution of a sul> 
phocTanide, a yellow precipitate is produced, to which the name " pseudo* 
Bulphocgranogen" has been giyen : the probable constitution of this body is 

|9. Most sulphooyanides, when heated in a closed tube, yield a sublimate 
of sulphur, together with many other products. The ammonium suffers veiy 
remarkable changes, and yields, among other volatile bodies, bisulphide of 
carbon, sulphide of ammonium, hydrosulphurio add, and sulphur. 

This acid-radical may be recognized by its insoluble sQver and lead salts, 
and by the deoompomtion described under a. 

Of acid-radicaJs formed hy the union of cyanogen with metaU, 
there are three which more especially demand notice : they are 
known respectively as ferrocyanogen, ferricyanogen, and cobalti- 
cyanogen. The number of these compounds of carbon, nitrogen, 
and metals, or rather of cyanogen and metals, is, however, very 
great. They are generally formed by the direct union of two 
metallic cyanides, which, instead of combining to form a double 
salt, appear to undergo a total change in the arrangement of their 
constituent molecules : — 

2KCy 4- FeCy =E:,(FeCy3). 

Some few of these compounds do, however, appear to partake far 
more of the characters of double salts than of simple salts which 
contain compound add-radicals : such compounds are those formed 
by the cyanides of zinc and copper — ^KCy,ZnCy, and KCy,Cu,Cy ; 
while in other compounds, such as those of iron, manganese, 
cobalt, and platinum, so complete a metamoiphosis has been 
effected, that no hesitation can be felt in ascribing to them a 
constitution differing from that of the others. The two com- 
pounds containing cyanogen and iron — ^ferrocyanogen (FeCy,) 
and ferricyanogen (FCgCy,) — ^are well known in combination with 
basic radicals, forming very stable salts: the former of these 
radicals is bibasic, the latter tribasic. Chromium and manganese 
yield several radicals ; but their salts are not stable. The best 
known of these last mentioned compound radicals are chromi- 
cyanogen (Cr^Cy,) and manganicyanogen (Mn,Cy,), which are 
each tribasic. Cobalt forms a radical of the formula Co^Cy,, the 
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salts of which (cobalticyanides) are very stable. The metals 
allied to platiniim yield several radicals by union with cyanogen. 

SALTS OF FEBBOCTAKOeSK, OB FEBBOCTAinDBS. 

A ferrocyanide is produced when an alkaline cyanide meets 
with iron, or an iron salt, under appropriate conditions. 

Ferrocyanides are decomposed by heat : in most cases nitrogen 
gas is evolved, and a residue of iron and carbon left. 

The Htdbogen Salt (E^Gfy), or hydroferrocyanic acid, is pro- 
duced when hydrochloric acid is added to a concentrated solution 
of ferrocyanide of potassium. It separates on the addition of 
ether, in the form of minute white, yellowish, or bluish crystals 
floating in the ether. It is soluble in water. 

This radical is best recognized by the formation of certain 
characteristic salts ; but it may also be identified by the products 
of its decomposition. 

The chief insoluble ferrocyanides are the calcium, ferrous, 
ferric, cupric, argentic, and lead salts. 

The Potassixth and Sodium Salts are soluble. 

The Babium Salt dissolves in about 36 parts of cold water. 

The Stbontiitm Salt is soluble. 

The Caldmn Salt is a white precipitate. 

Its formula is KCaGfy+llaq. 

It requires about 800 parts of cold water for its solution, and 
is even less soluble in water containing ammonium salts. 

The Magnesium Salt is a white precipitate. 

Its formula is Mg^Cfy+daq; but when an ammonium is 
present in the solutions employed, the precipitate appears to be 
MgNH,Cfy. 

It is insoluble in chloride of ammonium, readily soluble in 
hydrochloric acid. 

The Ferrous Salt is a white, or more usually a pale blue pre- 
cipitate, which is rapidly converted by the air or oxidizing agents 
into the ferric salt, becoming a deep blue in consequence. 

Its formula is KFe.Cfy^, or KFeC£j,¥eJDfy, 

It IB nearly insoluble in water. 
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The Ferric Salt is produced by the action of ferric salts on a 
solntion of ferrocyanide of potassium. It is a deep blue preci- 
pitate, known as Prussian blue. 

Its formula is (Fe^\Cfys' 

It is insoluble in water, and in dilute hydrochloric add (see 
p. 126). 

The Citpboxjs Salt is a white precipitate. Its formula is 
iGa^\(j(y. It is soluble in the hydrate, but insoluble in the 
other salts of ammonium. 

The Cupric Salt is a brownish red precipitate. 

Its formula is CUjCfy. 

It is insoluble in water, ammonium salts, and acids. 

The Silteb Saxt is white. Its formula is Ag^Cfy. It is so- 
luble in cyanide of potassium, in the hydrate but not in the other 
salts of ammonium. Hydrochloric acid does not act upon it ; 
but nitric acid dissolves out one-fourth of its silver, convert- 
ing it into ferricyanide. Sulphuric acid dissolves it. It is in- 
soluble in water. 

The MEBcxmous Salt is not known ; ferrocyanide of potas- 
sium precipitates yellowish white flakes (which contain no mer- 
cury) from solutions of mercurous salts. 

The Mescubic Salt is white. 

The Lead Salt is white. Its formula is Pb^Cfy. It is 
sparingly soluble in hot hydrate of ammonium, and entirely in 
chloride of ammonium, but not in the other common ammonium 
salts. It is insoluble in water, but partially soluble in sul- 
phuric acid. 

This acid-radical may also be detected by the following pro- 
cesses of decomposition : — 

a. K ferrocyanide of potassium or sodium be made by boiling 
any other ferrocyanide* with the hydrates or carbonates of potas- 

* InBoloble ferrooyaziideB may be thus deoompofled, an aUudine salt of the 
radical, and an insoluble carbonate of the base being formed. Thus, to take 
two examples — 

(Fea)aCfy,+6KHO=3KaCfy+2Fe2H303; or 
Ba^CH^r+NaaCOj rrNa^Cfy+Ba^COs. 

q5 
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flinin or sodium and filtering, and the resolting solution ihen. era- 
porated to diyness and ignited in a small covered crndbley a fused 
mass will be obtained, and, in that part of it solable in water, 
an alkaline cyanide will be found, which may be identified by 
any of the nsoal tests, while the residue, insoluble in water, 
may, after due washing, be dissolved in hot hydrochloric or nitric 
add and tested for iron, 

/3. When an alkaline ferrocyanide is heated with dilute sul- 
phuric add, the characteristic odour of hydrocyanic add is per- 
ceptible. 

y. But when powdered ferrocyanide of potassium (or of sodium) 
is heated with ooncentmted sulphuric add, scarcdy a trace of 
hydrocyanic add is evolved, but only carbonic oxide gas (00), 
according to the following equation : — 

2K,FeC,N,+6H.O+6H,SO, 
«2K, SO,+Fe, 80^+3[NHj, S0,+600. 
Ferrocyanogen is usually recognized hj the formation of the 
ferrous and ferric salts ; occadonally also the cupric and uranium 
compounds are employed for this purpose, as well as the process 
given under a. 

SALTS or nBRiCTuroanr, os nBRiCTAKmss. 

The potaasiain salt is obtained by pMsicig ohlorine into a solutioii of 
ferrocyanide of potassium, Until a drop of the solution no longer prodooes a 
blue predpitate witili a ferric salt. 

When heated, ferricyanides xmdeego decompositions very similar to those 
of the ferrocyanides. 

The HTOROGiir Salt (K^Te^Cy^or'E^Cfdy), or hydrofenicyanio add, 
is obtained by the action of hydrofluosiUdo add upon ferricyanide of po- 
tassium. 

This radical may be reoogniced by the formation of the ferrooa, ftnie, 
sine, and silyer salts. 

The FoTAssfiTif , SomuiCi BAKnm , STBOirrnTM, Calciuk, and Kagrxsiuii 
Sai/ts are soluble. 

The Ferrous Salt is produced by the action of ferricyanide of potas- 
sium : it is a blue predpitate. Its formula is Fe, Of dy . It is insoluble in 
water and in hydrochloric add. 

The Ferric Salt is thou^t to be produced by the action of f er ri cyan ide 
of potassium. It is a Tery soluble aa(t, and only appears va. the form of a 
brownish green solution. 
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Thk Znrc Salt ib prodooed by the action of femcyanide of potaadum : 
it 18 an orange brown precipitate. Its formula ia Zn, Cfdy. It dinolyee in 
ammonium salts. 

Ths Cupbous Salt is reddish brown. Its formula is (Oa2))Cfdy. It is 
soluble in the hydrate, but not in other salts of ammonium ; it is insoluble in 
hydroohlorio add. 

Ths Guphic Salt is brownish or greenish yellow. Its formula is Co^ Cfdy. 
It is soluble in the hydrate and carbonate of ammonium, but not in other 
ammonium salts, unless with the aid of heat. 

Ths SiLwa Salt is orange yellow. Its formula is Ag, Ofdy. It dissolres 
in the hydrate, and in a hot solution of the carbonate of ammonium, but is 
insoluble in other ammonium salts. 

Ths Mebcurocs and Mxrcurio Salts are yeUow. 

Thb Lkad Salt is deposited gradually in dark brownish red crystals. 
Its formula is FbjOfdy. It is somewhat soluble in water. It is decom- 
posed by dilute sulphuric add into sulphate of lead and hydrofemcyanic add. 

The constituents of this radical may be detected by its deoompodtion, 
in the manner described under ferrocyanogen ; but the formation of the 
characteristic fenricyanides abore mentioned must be relied on for its dis- 
tinction. 

8Ai;r8 or oobaltictaicoobv, ob cobaltictaitidbb. 

These salts are produced by the direct action of an alkaline cyanide upon 
cyanide of cobalt. 4 eqs. of cyanide of potassium with 2 eqs. of cyanide of 
oobalt only differ from 1 eq. of oobaltacyanide of potassium by 1 eq. of po- 
tassium, which in the reaction decomposes 1 eq. of water, producing 1 eq. of 
hydrogen and 1 eq. of hydrate of potassium : 

4KCy+2Coqy+H20=K, (Coj.Cy,)+KHO+H. 
Cobalticyanogen, it will be obaerred, is analogous to ferricyanogen ; the 
oobalt compound corresponding to fetrocyanogen is unknown, or at least 
its existence is very doubtfuL 

Thb Htdboobn Sai^ (H, Co, Cy^ or H, Cocy ), or hydrocobalticyanic add, 
crystallizes in deliquescent needles. Heated aboTO 100^, it is decomposed. 
It is soluble in water and in alcohol, but does not dissolye in ether. 

This add-radical may be recognised both by the formation of insoluble 
salts, and by its decomposition. 

Thb Potassium, Sodiuh, Babiux, Strontium, Calcium, and Magnbsium 
Salts are soluble. 

Thb Ferrous Salt ii a white predpitate. Its formula is Fe, Cocy. 

Thb Fbrric Salt is soluble. 

Tmi Znrc Salt is a white predpitate. 

Thb Cuprous Salt is unknown. 

Thb Cupric Salt is produced by the action of soluble cupric salts on 
oobalticyanic add: it is a sky-blue predpitate. Its formula is Cu,Cocy-h 
3^. It is soluble in hydrate of ammonium, insoluble in water and adds. 



348 CHBMicAx BSAcnoirs. 

Ths Silybr Salt is a white curdy precipitate. Ita formala is Ag, Coej. 
It is insoluble in water and adds. 

Ths Mercubous Sai/t is a white precipitate. 

Ths Mekciteic Salt is soluble. 

Ths Lead Salt is reaililj diswlved by water, but is insoluble in aloohoL 

Gobalticyanide of potaniom gives with manganese and stannous salts 
white precipitates, and with cadmium salts a brown precipitate which be- 
comes white. It does not yield sny resulla with titsnio, uranic, and chromic 
salts. 

Cobalta<7anogen may be recognized by its decomposition in a similar 
manner to the two preceding acid-radicals. 

Of acid-radiedls containing carbon, oxygen, and hydrogen, a 
very large number is known ; we shall, howeyer, describe the 
salts of those only which are likely to come in the way of the 
student, yii, the acetates, benzoates, lactates, succinates, tar- 
trates, citrates, gallates, and tannates. 

SALTS OF THE ACETIC BADICAL, OB ACETATES. 

The radical under consideration is an exemplar of a new daas 
or order of compounds : it is a member of what is called ** a ho- 
mologous series." Some approach to this form of combination 
has already been noticed in the case of the borates ; but among 
the compounds of carbon with hydrogen and oxygen, it is more 
completely and extensively developed. An immense number of 
acid-radicals has been discovered by degrees, each requiring the 
same amount of base for its saturation, and each differing, from 
the term of the series next above or below it, only by the mole- 
lecule CHj. The following list shows a few of the hydrogen 
compounds or adds of these radicals : — 

Formic acid HC H O,. 

Acetic add HCaH,0,=:HCHOj,+ CH^. 

Propionic add HC.HgO^^HCHO.+SCH,. 

Butyric acid HC^ H,0,«HCH0,+3CH,. 

Valerianic add HC,H,0,=HCH0,+4CH,. 

The series of which acetic add is a member, is called ** the 

series of fatty adds," because, as the amount of CH, increases in 

them, they no longer exhibit the limpidity and perfect misd- 

bility with water characteristic of formic and acetic adds, bat 
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become more and more oily^ until, finally, the higher terms of 
the series reach the condition of solid fats. All tiiiese acids 
have certain features in common : they are Yolatile without de- 
composition; their boiling point increases regularly with each 
increment of CR^; they aU yield similar products of decom- 
position, which vary only by CH^ ; and they may all be formed 
by the same agencies from a series of '^ alcohols" containing 
basic radicals, which bear a fixed and constant relation to the 
radicals of the acids. 

The acid of the acetic series is produced by the imperfect 
combustion of most organic bodies ; as ** vinegar" it is produced 
by the slow oxidation of alcohol, and as ** pyroHgneous acid" by 
the distillation of wood at a high temperature in iron retorts. 

The acetates of the first and second subdivisions, when heated, 
yield carbonates, and, if out of contact of air, a volatile liquid of 
peculiar odour, called acetone (CgHgO). Alkaline acetates, if 
mixed with excess of alkaline hydrate and heated, are completely 
decomposed into the combustible gas known as '< marsh-gas" 
and alkaline carbonates. 

The HrDBoasN Salt (HG^H^O,), or acetic acid, is a colour- 
less crystalline solid at temperatures below 15^ 0. ; on this 
account it has received the name of glacial acetic acid.* It 
boils at 120° C. It has the weU-known taste and smell of 
vinegar in a most marked degree, and acts as an acrid poison. 

The normal or neutral acetates are almost without exception 
soluble in water ; the basic acetates are for the most part in- 
soluble. 

The Potassium, Sodittm, Babhth, STBONnuv, Calcitth, and 
Maonesixtm Salts are soluble. 

The Eebbovs and Ferric Salts are soluble ; the latter, how- 
ever, if produced by adding a drop of ferric chloride to the solu- 
tion of an alkaline acetate, imparts a distinct brownish red 
colour to the liquid. If the coloured solution be then boiled, 
the neutral ferric acetate will be decomposed, a mixed hydrate 

* The hydrate of this add, baring the formula CaH^Os^HjO, boils at 
104^0. 
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and acetate, or basic acetate, being produced, and the solution 
becoming gradually coloniless. 

The Znrc and Gupkic Salts are soluble. 

Thb Mescusovs Salt is obtained by adding mercnrous nitrate 
to acetic acid or a soluble acetate : it is a white, scaly, cryBtal- 
line precipitate. Its fonnnla is Hg^C, H,0,. It dissolves readQy 
in excess of its precipitant: it is slightly soluble in water or 
acetic add, especially on warming ; but a slight decomposition of 
the salt into mercuric acetate and mercuiy then occurs. 

The SilTer Salt is produced by the action of soluble silyer 
salts on the solution of an acetate : it is a white, beautifiiUy cry- 
stalline precipitate, which becomes discoloured by exposure to 
light. 

Its formula is AgC, H^O,. 

It is soluble in hydrate of ammonium, but dissolyes veiy 
sparingly in cold water or acetic acid, although it dissolyes more 
abundantly in these liquids when hot, crystallizing out again on 
cooling. 

The Mebcubic Salt is soluble. 

The Lead Salt (PbO.H^O,) is soluble. The Basic Lead 
Salt is soluble, and is remarkable for haying an alkaline reaction. 
Its formula is PbC, H,0^ Pb.O. 

This acid-radical may also be detected by the following special 
processes : — 

a. Wben an acetate is wanned with dilute sulphuric acid, 
acetic acid la liberated, and, being volatile without decomposition, 
may be recognized by its peculiar odour and inflammability. 

/3. If an acetate be mixed with a small quantity of alcohol 
(C,HgHO or EHO, the hydrate of the compound basic radical 
ethyle) to which an equal bulk of sulphuric acid has been previ- 
ously added, a true salt will be fonned, containing a compound 
basic and a compound acid-radical : this product is termed acetate 
of ethyle, or acetic ether, and may be at once recognued by its pe- 
culiar and agreeable aromatic odour. The reaction is as follows : — 

EHO+HA=H,0-fEA. 

y. When an acetate of the first or second subdivision is 
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heated in a test-tabe, acetone, remarkable for its odonr and in- 
flammability, is evolved ; the reaction is as follows : — 

2BaC, H,0^oiBa,CO,+C, H,0. 

aoeUme. 

The acetic radical is generally recognized by the formation of 
the sQver salt, and the test /3. 

SALTS or Tax BBKEOIC ILADICAL, OB BBRS0ATB8. 

Just as aoedo acid is the representatlTe of the series of &tty adds, so 
benxoic add is the type of " the aeries of aromatic addB." This group is by no 
means so numerous as the former ; but its members present the same regular 
differences of composition, and the same relations to other groups of con- 
nected bodies. Bensoic add, though itself somewhat rare, is the member of 
this series most commonly met with 

Bengoates when heated decompose, generally giTing rise to the formation 
of a Yolatile soHd body termed benMpAenone, which is in reality the ben- 
loate of phenyle (C^ H^, C^ H^ O,}. 

This radioid may be recognised by the formation of insoluble salts, and by 
prooesses of decompodtion. 

Thb Htdbogbv Sai/t (HO7 Hg O,), or bensoic add, is generally obtained 
by exposing " gum bensoin " and sereral other resins to heat, or by boiling 
them with an alkaline hydrate. It crystaUi^es in plates, and has an aromatio 
odour. At 120'' C. it fiises, sublimes at 145'', and boils at 239*^. Its vapour, 
if inhaled, provokes coughing. It is but slightly soluble in cold, more readily 
in hot water. In alcohol it is soluble. 

Nearly all bensoates are soluble in water ; the ferric salt is the most cha- 
raoteristic insoluble bensoate. 

Thb Potassium, Sodium, Barium, Stbobtium, Calcium, Kaobbsium, and 
Fbbboub Salts are soluble. 

The Ferric Salt i^ produced by the action of ferric chloride upon solu- 
tions of bensoates. It is of a reddish yellow colour, and has the oompodtion 
of a basic salt. It is dissolved by most adds. 

Thb Zihc Salt is soluble. Thb Cupbous Salt is unknown. 

Thb Curuc Salt is produced by the action of soluble cupric salts upon 
solutions of bensoates, as a blue predpitate. Its compodtion is CuOf H, O, 
with some water of crystalUzation. It is soluble in many adds. 

Thb Silvbb Salt is produced by adding a soluble silver salt to a solution 
of a benzoate, as a white curdy predpitate. Its formula is Agpj H, O,. It 
dissolves in boiling water and in many adds. 

Thb Mbboubous Salt is a curdy predpitate. Thb Mbrcubic Salt is a 
white curdy predpitate, slightly soluble in water and alcohoL 

Thb Lead Salt is a white predpitate of the formula FbCrHgO, with 
water of crystallisation. 
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This Acid-radical may aho be detected bj the foUowing methods : — 
a. When aa add is added to a soluble beozoate, a precipitate of benioic 
add is produced, which, if boiled in water, disBolyes, and crTstallizeB out 
again on cooling. The add, when separated, may be recognized by its fusi- 
bility, Yolatility, and remarkable odour. 

fi. The dry cuprio bencoate, when heated in a test-tube, decomposes, wi& 
the formation, among other products, of the benzoate of phenyle (C^Hj, 
O7H5O2), which is a body poasessing an odour resembling that of the 
geranium. 

SALTS OP THB LACTIC RADICAL, OB LACTATBS. 

This radical is bibasic ; and the lactates known belong to the two series of 
add and neutral salts : for the most part they dissolve sparingly in water or 
alcohol, and are insoluble in ether. 

Thk HTDftooEN Salt, or lactic add, occurs in sour milk, in which it is 
produced by a fermentive action upon the milk-sugar that liquid naturally 
contains, thus — 

CuH^O,o+2H,0=2C.H,^0,. 

uictM aad. 

It is produced by the fermentation of other kinds of sugar. Its formula is 
HjCgHjoOg. It is a colourless syrupy h'quid, which does not solidify at 
24° C. It is inodorous, but has a biting add taste. In presence of platinum 
it Yolatilizes without decomposition at about 200^ C. Heated alone, it de- 
composes at about 130° C. into water and lactic anhydride (Ci^HgoO,^). 
The latter is a pale yellow, bitter, and easily fusible solid. At high tempe- 
ratures, lactic add decomposes into a great variety of products. Lactic add 
dissolves in water in all proportions. 

The lactates of the first subdivision are very soluble in water ; those of t^ 
second subdivision require from 20 to 30 parts of water for solution, w^e 
the minority of the remaining salts dinolve easily. 

Tub Potassium, Sodium, Barium, Strontium, Calcium, and Maonrsiuii 
Salts are soluble. 

The Fbrsous Salt is a nearly white precipitate. Its formula is Fe, L. It 
Ib soluble in 48 parts of water at 10° C, or in 12 of boiling water ; it is in- 
soluble in strong alcohol. 

Thb Fbrric Salt is brown and soluble. 

The Zinc Salt is white, and crystsllizes in four-sided prisms belonging to 
the right prismatic system. Its formula is Zn, L. It is soluble in 58 parts 
of cold, or 6 of boiling water ; it is insoluble in aloohoL 

The Cupric Salt Ib very soluble. 

The Silver Salt is soluble in 20 parts of cold water, nearly insoluble in 
cold, but very soluble in hot alcohol. 

The Mercurous Salt is a white precipitate consisting of fine needles. Its 
formula is (Hg,)^ L+aq. It is sparingly soluble in cold, and ia decomposed 
by boiling water. 

The Mercuric Salt Ib soluble. 
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Tns Lead Salt is soluble. 

TiSctateB may also be recognized by the followmg prooeteee : — 

a. When the hydrogen oomponnd, lactic acid, is heated to 130° C, water 
containing a little lactic acid distilB, and the reddne, on coolingi beoomee a 
yellowiah white solid, of very bitter taste, almost insoluble in water, but 
easily soluble in alcohol or ether. It is called " lactide," and has the for- 
mula OgHioOg, and by long boiling with water is converted again into 
lactic add. 

p. If lactic add be heated with concentrated sulphuric add, almost pure 
carbonic oxide gas ia given o£^ and a body resembling humin remains behind. 

8AX/P8 OF THE SVCOOflC RADICAL, OB SUCCINATES. 

To the series of which succinic add is a member, the name " oxalic acid 
series" has been applied. Oxalic add, the first member, has been already 
described as a volatile and bibasic add ; suodnio add and the other terms of 
the series, or homologrtM of oxalic add, present the same characteristics. 
Suodnio add is obtained in many ways ; the most important of these are the 
dry distillation of amber, and the fermentation of malate of caldum. 

Succinates when heated yield numerous products of decomposition, car- 
bonic anhydride and acetic add being among the number. 

The Hydrogen Salt (H, C^ H^ O^ or H^ S), or succinic add, crystallizes in 
colourless prisms belonging to the oblique prismatic or monodinic system. 
It is inodorous. It melts at 180'' C, and boils at 235°, forming a most 
pungent vapour, which, if inhaled, exdtes violent coughing. It dissolveii in 
5 parts of water at 16° C, in 2'2 parts of boiling water, and in 1*37 part of 
strong alcohol. 

Many succinates are soluble in water ; the insoluble salts dissolve readily 
in acetate of potassium. 

The Fotassiuh and Sodium Salts iJS^C^Jifi^ and Na^C^H^OJ are 
soluble. 

The Barium and Strontium Salts are sparingly soluble in water, but dia* 
solve in adds ; in alcohol they are insoluble. 

The Calcium Salt is predpitated on boiling concentrated solutions of 
chloride of caldum and succinate of ammonium. Its formula is Ca^G^ H^O^ 
-(-aq. It is soluble in succinic, acetic, and most other adds, but insoluble, 
or nearly so, in alcohoL 

The Magnesium Salt is soluble. 

The Ferrous Salt is a grey-green predpitate, insoluble in water, but 
soluble in adds. 

Tho Ferric Salt is a reddish brown predpitate of very variable consti- 
tution. It is insoluble in water, soluble in hot solutions of suodnio or acetic 
add, and in most other acids. 

The Cuprio Salt is green or blue. Its formula is Cu, G^ H^ O4. It is 
soluble with difficulty in water or solution of succinic add ; it dissolves in 
acetic and other adds. 
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The Savn Bait is a white predpitaAe, prodnoed bj nitnte of ailTer in 
neotral or nlkiJinff nnilniii>nii. It is aolablein hydrate of ammoniam, and dia- 
•olres slowly in water or acetic add. It dissolTea in moat minefal acids. 

Thi MsKCuaoDs Sai^t appean to be soluble. The Mbbcubic Saut is a 
white precipitate. 

The Lead Sai/t is a white precipitate. Its fimnnla is Pb^G^H^O^. It 
is but sparingly soluble in water, in acetic, or boiling solution of snoeniio 
acid. In alcohol it is insoluble. 

The radical of the sncdnatew may be recognised by the following tests : — 

a. Snoonic acid, when bested in the air, erolres suffocating yapoors, which 
bum with a pale flame. It may be sublimed in great part unchanged. 

p. Succinates are not Uaekened wbea heated witii strong snlphuiie 
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The potassiam salt of this radical is fotmd in the deposit which 
occnis in wine casks, and which is tenned *^ Tartar/' or ** Argol." 
This radical is not at present known to be a member of anj 
homologons series ; it is bibasic ; none of its inorganic salts are 
volatile without decomposition. 

Tartrates when heated evolve the peculiar odonr of burnt sugary 
decomposing with formation of carhonic anhydride, carburetted 
hydrogen gas, acetic acid, pyrotartaric acid, and other bodies. 

The Htdrogek Salt (H^C^H^O, or H^T), or tartaric add, is 
a substance which crystallizes in fine colourless prisms belong^mg 
to the oblique prismatic system. It melts at 170° C. to a trans- 
parent colourless liquid, but does not volatilize without deoom- 
position. When heated to a high temperature, new acids are 
obtained from tartaric acid. 1 part dissolves in -^ part of oold, 
and iu a less quantity of boiling water. This acid has the pro- 
perty, in common with several others, of preventing the precipi- 
tation of many oxides by hydrate of potassium or ammonium. 

This radical may be recognized both by the formation of in- 
soluble salts and by processes of decomposition. 

The neutral tartrates of the first subdivision are almost the 
only soluble neutral salts of this radical, and their acid salts 
almost the only insoluble acid salts. 

The Barium Salt is produced by the addition of chloride of 
barium to the neutral or alkaline solution of a tartrate : it is a 
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white precipitate. Its formula is Ba^C^K^Og. It is easily 
soluble in all ammonium salts except the hydrate; it is also 
soluble in hydrochloric add. 

Thb 8tbontit7m Salt is comparatively soluble in water^ readily 
80 in chloride of ammonium. 

The Caldum Salt is produced by the addition of even the 
hydrate or sulphate of calcium in aqueous solution to tartrate of 
sodium ; it is produced in larger quantity by chloride of calcium. 
Its formula is Ca,C^H^Og. Its precipitation is prevented, or at 
least retarded, by the presence of ammonium salts, in which it is 
easily soluble. This salt, if filtered and washed, is remarkable 
for its solubility in cold hydrate of potassium, its reprecipitation 
on boiling the alkaline solution, and its re-solution on the cooling 
of the liquid. 

The MAoifssnnc Saxt is comparatively soluble. 

The Eebbous Salt is a green precipitate. 

Thb Febbic Salt appears to be soluble. 

The Znrc Salt is soluble. 

The Ottpbig Salt is a green precipitate. Its formula is 
Cu^C^ H^Og+daq. It is soluble in a boiling solution of carbonate 
of sodium and in acids. 

The BilTer Salt is a white and crystalline precipitate. Its 
formula is Ag^G^H^O,. It is insoluble in water; in hydrate of 
ammonium it dissolves, forming a solution which, when boiled, 
deposits a great portion of the silver it contains upon the sides of 
the containing vessel. With proper modifications, this constitutes 
Petitjean's silvering process. 

The MEBCTTBOirs and Mebgitbic Salts are white precipitates, 
insoluble in water, but soluble in acetic, tartaric, and mineral 
acids. 

The Lead Salt is white. Its formula is Fb^G^ H^O,. Jt is 
soluble in chloride of ammonium, nearly insoluble in water ; it 
dissolves in acids. 

This acid-radical may be distinguished by processes of decom- 
position. 

a. Tartaric add and tartrates^ when heated on platinum foil. 
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char, and evolve mflammable gases and the pecnliar odonr of buznt 
Bogar. The experiment may be performed in a test-tube open 
at both ends. 

fi. When a tartrate is boiled with concentrated solphnric acid, 
besides the odour of burnt sugar which is evolved, and the carbon 
which separates rapidly, carbonic oxide gas is also formed, and 
may be detected by the blue flame with which it bums when a 
lighted taper is applied to the mouth of the test-tube employed. 

The tartaric radical is usually recognized by the formation of 
the insoluble or sparingly soluble barium, calcium, and silver 
salts, and by the tests a. and /3. 

SALTS OF THE CITHIC EADICAL, OB CURATES. 

The citric radical belongs to no ascertained homologous series. 
It is tribasic. The add is found in many plants, especially in 
the fruit of the Citrus medico, or lemon, and of the Citrus auran- 
tium, or orange. 

The citrates, when heated, begin to decompose at about 230° C, 
evolving many volatile products, and leaving a large quantity of 
charcoaL 

The Htdsooen Salt (HgC^H^O^ or H^Ci), or citric acid, is a 
colourless crystalline body of the same form as the commerdal 
acid KgCi+aq, which occurs in prisms belonging to the right 
prismatic system: these hydrated crystals effloresce in the air, 
and form the true add. When heated to a high temperature, 
citric add yields several new acids. 

The radical may be recognized both by the formation of in- 
soluble salts and by its decompodtion. 

The majority of the citrates are insoluble in water. The salts 
of the first subdividon are, however, soluble. 

The Babitjic Salt is a white predpitate. Its formula is 
Ba,C, Eg Of. It is soluble in ammonium salts, in a large propor- 
tion of water, and in acids. 

The Staoiteium Salt is a white precipitate of the formula 
SrjCjHjO^, soluble in many acids. 

The Caldnm Salt is a white crystalline predpitate, which 
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is produced in dilate solutions only on boiling; the salt par- 
tially redissolves on the cooling of the solution. Its formula is 
CagCgHjO^. It is soluble in chloride of ammonium solution; 
it dissolves more sparingly in boiling than in cold water; it 
is soluble in acids and in most ammonium salts, excepting the 
hydrate. 

The MAeKESiiTH Salt is soluble. The Zmc Salt is but slightly 
soluble in water. 

The Eebbic Salt is soluble. 

The Cupbic Salt is precipitated on boiling as a green crystal- 
line powder. Its formula is Cu,^> CuHO+aq. 

The Siltsb Salt is a white precipitate. Its formida is 
AgjC, HgO,. It is soluble in boiling water. 

The MsBCUBors and Mebcubig Salts are white precipitates. 

The Lead Salt is a white precipitate, soluble in ammonium 
salts. 

This acid-radical may be distinguished by the following tests : — 

a. Citric acidy when heated in a tube open at both ends, evolves 
irritating acid vapours; heated on platinum foil, it chars and 
evolves combustible gases. 

/3. When boiled with concentrated sulphuric add, citric acid 
evolves a trace of acetic acid and a large quantity of carbonic 
oxide, which may be kindled. A gradual separation of carbon 
also takes place. 

8Ai;r8 OF THl GALLIC &ADIOAL, OR OALLATIS. 

The radical of these salts is obtained by the decompoaition which tannic 
acid nndergoea when exposed in a moist condition to the action of the air or 
to the influence of a fermenting body. It is said to occur in the vegetable 
kingdom. Becent researches have shown it to be a tribasio radicaL 

The radical is remarkable on account of the behaviour of its hydrogen salt 
(gallic acid) under the influence of heat : at a temperature of from 210° to 
215° 0. it loses 1 eq. of carbonic anhydride, and is converted into pyro^ 
galUe aeid, thus — 

H„C^H,05=COa+H, CeH,0,. 

gallk add. pTiogmUie acid. 

The latter body sublimes in flattened needles : it Ib remarkable for its great 
affinity for oxygen, which it absorbs (especially when in solution), either from 
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the atmoephere or from oxidiiing agents, with the greatest ayidity, l)eeomixig 
brown and ultimately black. 

The Htdrooxn Salt, or gallic add (H,, C, H, O^), is a solid bodj, Gryrtal- 
Using in silky needles, which hare no odour, but an astringent taste : 1 part 
dissolves in 100 parts of cold, or in 3 of boiling water ; it is yery soluble in 
alcohol, but less so in ether. 

The gaUates generally formed are those which haye the formula 

HaM, C^HjOj and HMa,C^H,05; 
those represented by M, C^ H, O5 are but rarely produced. 

Thb Fotabsium and Sodium Salts are soluble; those of Baeiitv, Stroit- 
TiUM, and Oalciuh are but slightly soluble in water. They all haye the 
general formula H, M, C^ H, Og. 

Thb Maghbsium and Znrc Salts are white precipitates, of the formula 
HM3, Cj H3 O5, and yery slightly soluble in water. 

Thb Fbrroub Salt does not appear to have been obtained. 

The Ferric Salt ie produced by the addition of a ferric salt to a solution 
of a gallate ; the liquid instantly becomes of a bluish black colour. If this 
liquid be boiled, it decolourizes with escape of carbonic acid gas and fonna- 
tion of a ferrous salt 

The Coppbr, Mercury, and SiLysR Salts appear to be unknown. 

The Lead Salt is produced by the action of a solution of acetate of lead 
upon a solution of gallic add, as a white predpitate haying the oompodtion 
HPb,, CtH,Oj, with water of crystallization. It dissolyes easily (when 
recently predpitated) in concentrated acetic add. Excess of this reagent is 
a perfect means of predpitating gallic add. 

This add-radical may be still further recognized by — 

a. Its rapid oxidation, with formation of a brown colouring matter, wlien 
an alkaline solution containing it is freely heated in contact with air. 

/3. It may be distinguished from tannic add by its not producing a pred- 
pitate in solution of gelatine, unless preyiously mixed with a solution of gum. 

SALTS OP THB TAmXlQ BADICAX, OB TAITVATES. 

Tannin or tannic add is a name given to that large dass of 
bodies which form the astringent prindple in varions parts of 
many plants. The individual add here to be described, as most 
commonly met with, is that to which the name of gallotannic 
add has been given, from its occurrence in nutgalls, £rom which 
it is always extracted by the joint action of ether and water. 

The Htdrooew Salt, tannic or gallotannic acid (H,C„ Hj,0„), 
is obtained as a white or slightly yellow spongy mass, glistening 
frequently from being an aggregation of crystals. It is veiy 
soluble in water, alcohol, or anhydrous ether. 
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The gallotannates generally contain 2 eqs. of metal, but some- 
tunes 3 eqs.; consequently their radical must be regarded as 
tribasio. 

The Fotassiuh and Soditju Salts are very soluble in water. 

The Babittu Salt is white, almost insoluble in water. 

The Galciuu Salt dissolves in pure water. 

The MAGifTESiTTU Salt is but slightly soluble. 

The Feseoits Salt is white and gelatinous, and suffidently 
soluble in water not to be precipitated from dilute solutions. 

The Ferric Salt is produced by adding a ferric salt to a so- 
lution of a gallotannate : it is a bluish black precipitate. Its 
formula is probably Fe2H,C^H„0„. 

The Zmc Salt is white. The Cttpbic Salt is brownish yellow. 

The Siltee Salt is reddish brown. 

The Mebcubotts Salt is yellow, and the Mebcubic Salt brick- 
led. 

The Lead Salt is white. Its composition is probably Pb,, 

This radical may also be recognized and distinguished from 
that of the gallates by its property of precipitating gelatine : 
when an aqueous solution of gallotannic add is mixed with an 
aqueous solution of gelatine, a fine filmy or gelatinous precipitate 
immediately forms. This is the reason of the employment of 
oak-bark, and other substances which contain these astringent 
principles, in tiie process of tanning. 

Of odd-radicals jproduced by the umon of carbon with nitrogen, 
hydrogen, and oxygen, one only needs description here, viz. the 
uric. 

SALTS OF THE VBIC BADICAL, OE 17EATES. 

This radical is of animal origin : the chief source firom which 
its salts are prepared is the excrement of serpents, which consists 
almost wholly of urate of ammonium. This radical is bibasic. 

Uric add and urates, when heated, in common with nearly 
all organic bodies containing nitrogen, evolve the odour of burn- 
ing feathers. 
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Thb Htdbooek Salt (H^C^ N^ H^O, or H^ U), or uric add, 
occurs in delicate white needles ; it dissolves very sparingly in 
cold water ; in sulphuric acid it is soluhle, forming a hrown solu- 
tion, from which water repredpitates the uric add. 

Urates, with the exception of the Potassium and Sodium Salts, 
are cdmost all insoluble in water : it is very remarkable that the 
Ammonium Salt is extremely insoluble in water ; it is, however, 
dissolved by chloride or phosphate (Na, HPO^) of sodium, the 
sodium salt being formed. 

The Calcixtm Salt is white; the Esrbic Salt brown; the 
CupBic Salt green; the Selves Salt white, rapidly becoming 
black if the liquid be heated ; the Mebcueic and the Lead Salts 
are white. 

The uric radical may be easily identified by the following pro- 
cesses of decompodtion : — 

a. Uric acid, if heated alone, evolves the odour of burnt hair 
together with that of cyanide of ammonium, a carbonaceous re- 
ddue being left. 

/3. If uric add or a urate be mixed with solid hydrate of po- 
tasdum and heated in a narrow tube, ammonia will be evolved, 
and cyanide or cyanate of potassium remain in the tube. The 
two latter products may be identified in the manner already 
pointed out (pp. 338-341). 

y. K uric acid be dissolved in dilute nitric acid, the solution 
evaporated just to dryness in a porcelain dish, and a glass stopper 
moistened with strong ammonia water be held over the reddue 
in the dish, the magnificent purple colour of murexide is pro- 
duced, which is quite characteristic. 
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SaiiTS. 


CO,. 


CA. 


BoOa. 


SiO>. 


CyttaOa. 


C4H4O0. 




(p.^0) 


(p. 323) 


(p. 326) 


(p. 329) 


(p. 348) 


(p. 354) 


Potaseium ... 





— 


— 


— 


— 


white 
cryst. 


Sodium 





— 


— 


— 


— 




Barinm 


white 


white 


white 


white 


— 


white 


Strontium ... 


white 


white 


white 


white 


— 


white 


Calcium 


white 


white 


white 


white 


— 


white 


Magnesium .. 


white 


— 


white 
gelat. 


white 


— 


— 


Ferrous 


greenish 
white 


yellow 


pale 
yellow 


greyish 
green 


^ 


green 


Jonfio, ,,_ 


red 


yellow 

white 

pale 
blue 

white 


yellow 

white 

pale 
green 

white 


f 


red 




^\l\Cr ft 


white 

blue 

white 


white 

greenish 
blue 


solution 

white 
cxystal. 


green 
white 


Cupric 

SUyer 




MercurouB... 


— 


— 




white 


white 


white 


Mercttiio ... 


white 


white 


— 


— 


— 


white 


Lead 


white 


white 


white 
flaky 


white 


— 


white 





Li the Table which immediatelj follows^ as indeed in all 
edmilar Tables^ reference must be made to the reactions for con- 
firmatory and discriminatory tests. 
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Analysis of Subdwision IH. 

The acid-radicals of somewhat common occnrrence only being 
included, the salt may be a CAEBONATE, OXALATE, BO- 
BATE, SILICATE, CYAJS^OGEN-COMPOUND, ACETATE, 
BEHZOATE, succiKATE, TABTBATE, CITBATE, oallaie, TAN- 
NATE, or UBATE. 



Some of thew acdd-radicaU msjbe lalufiutorilj detected by the addition 
of oonoentnted sulphuric add to the solid, or to its strong solution. The 
odours maj, howeyer, be better detected by using dilute hydrochloric acid, 
aided by a gentle heat 

Immediate efferveaeence indicates a carbonate. 
B^erveecence with odmir of peack-bhtaoma indicates a cyanide. 
The Mffie odour (of H<>Yxnay indicate a ferro- or ferric^anide. 
An odour of vinegar {(olfLCjlfi^ indicates an acetate. 
Separation ofctyetaie firom the solution may indicate a borate. 

„ „ with armnatie odour indicates a benzoate. 

„ „ with irritating vapour indicates a succinate. 

Blackening on warming, with odour of hwmt sugar ^ indicates a tartnto. 

„ M „ tn a 2es8 (2e^ee indicates a citrate. 

Evolution of carbonic oxide gas without blackening indicates an oxalate. 



Further Analysie, 

Carefully neutralise the solution with carbonate of sodium, then add 
one drop of hydrate of ammonium. Add solution of chloride of fttt.1rain« 
until no more precipitate is formed. 



A precipitate would indicate the presence of 

O, BoO„SiO,, orT. 
Wash thoroughly and divide into two parts. 



L 

Shake with 
cold solu- 
tion of 
hydrate of 
potassium; 
if the pre- 
cipitate 
dissolves, 
and is 
thrown 
down a^^ain 
onboilmg 
the solu- 
tion, 

is indicated. 



n. 

If no solution takes place 
with I., add to the remainder 
of the precipitate acetic acid, 
and warm. 



If no precipitate occurs, boil 
the solution lor some minatea. 



An un- 
dissolved 

residue 
indicates 

O. 



If it dissolves en- 
tirely, add hydro- 
chloric acid, and 
evaporate to^erfect 
dryness. Bedis- 
solve in hydro- 
drochloric add. 



A residue 

indicates 

SiOj. 



If entirely 

dissolved, 

BoOjis 

indicated 



The 
forma- 
tion of 
apre- 
dpitate 
inoicates 



Ci, or 
perhaps 

S or Ofy. 



If no predpitata is 
produced, add to the 
solution perdiloride 
of iron. 



A pale red 

predpitate 

indicates 

SeorS. 

A bluish 

or greenish 

black 

indicates 

GorQt 
A bright 
blue in- 
dicates 
Cfy. 



If no pre- 
dpitate, 
the solu- 
tion may 
be co- 
loured. 
Ared 
c(dour 
indicates 

Aor G^. 
A green 

ocMOur 
indicates 

Cfdy. 
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SUBDIVISION IV. 

SALTS OF NITROGEN, PHOSPHORUS, ARSENIC AND AN- 
TIMONY, AND OF THE CHIEF COMPOUND ACID- 
RADICALS INTO THE COMPOSITION OF WHICH THEY 
ENTER. 

The three latter members of this subdivision present a re- 
markable similarity in properties; nitrogen, although closely 
allied to them in many respects, exhibits, as we shall presently 
see, important differences, which may nevertheless be cleared 
away by fdtore observations. In the preliminary observations 
made upon each section, we shall enter more into detaQ con- 
cerning the chemical peculiarities of the radicals considered, 
since, although not strictly important in an analytical point of 
view, their knowledge will be of extreme use and interest to the 
student. This subdivision is divided into two sections : — 

Sbotion L>-SAI/rS OF NITROGEN, PHOSPHORUS, ARSENIC, AND 

ANTIMONY. 

The nitrides, phosphides, arsenides, and antimonides. 

SKonoH n.— SALTS OP THE ACID-RADICAM WHICH CONTAIN 
NITROGEN, PHOSPHORUS, ARSENIC, AND ANTIMONY 
COMBINED WITH OXYGEN OR SULPHUR. 

The nitrites, nitrates, hypophosphites, phosphites, phosphates, 
arsenites, arseniates, antimoniates ; sulpharsenites, sulpharse- 
niates, and sulphantimoniates. 

Sbctiok I. — TTie mtrides, jpTuM^TUdes, arsenides, and antimonides, 

SAI/rS OF NITROGEN, PHOSPHORUS, ARSENIC, AND 

ANTIMONY. 

The elements considered in this group have the property of 
combining with many basic radicals, and are usually found to be 
triatomic, uniting with 3 equivalents of a monatomic molecule ; 
a few circumstances have, however, raised great obstacles to 
these combinations being considered truly saline. Their hydro- 
gen compounds, in the first place, are not possessed of manifestly 

fi2 



^ 
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acid properties — ihej do not redden litmus; this maj, never- 
theless, be accounted for bj supposing that hydrogen, when com- 
bined in the proportion of 3 equivalents with the weak acid- 
radicals, nitrogen, phosphorus, or arsenic, forms a basic radical 
sufficiently poweifnl, in its counteraction, entirelj to mask the 
acid properties of the nitrogen, phosphorus, or arsenic. These 
hydrogen compounds are also all gaseous bodies at common tem- 
peratures; this is a great barrier to the perfect investigation 
of the properties of a substance ; and, what is more perplexing, 
they all (and the compound NH, in the most marked manner) 
have a tendency to unite with a fourth equivalent of hydrogen 
to form a compound base, which again combines with add- 
radicals to form stable saline compounds. With regard to the 
compounds produced by the union of these acid-radicals directly 
with metals, little is known ; and (as might be readily conjectured 
from the fact that hydrogen saturates their acid tendency so 
completely) those are the most stable, in which the weaker basic 
radicals exist combined. 

8ALT8 OF NITBOOEN, OB ITITRIDBS. 

These bodies have not been hitherto obtained by the action of ammonia 
(H3 N) either as gas or in solution upon saline bodies at ordinary tempera- 
ratures ; the only method which has suooeeBfolly resulted in their produc- 
tion is that of passing the dry gas (H,N) over the heated metal, the mole- 
cules of which we desire to substitute for those of hydrogen in the body H, N. 
This, as might be expected when the triatomic character of nitrogen ia con- 
sidered, does not always result in the formation of the substanoe M,N ; but 
occasionally, as in the case of potassium, a compound is obtained, the for- 
mula of which represents a partial replacement The oliye-green substenoe 
which potassium yields when gently heated in ammonia gas, has the com- 
position H, EN ; it is known as OTnide of potassium, a name given by chemiata 
who believed its constitution to be K(NH2), — ^NH, being a hypothetical 
acid-radical which they called amidogen. This body, when heated to red- 
ness in a close vessel, decomposes into nitride of potassium and nitride of 
hydrogen, with the consequent separation of the latter (ammonia) : 

3B[jKN=K,N-».2H,N. 
When, again, dry ammonia gas is passed over iron wire heated to redneas in 
a tube for six or eight hours, a white brittle substance is obtained, the com- 
position of which nearly corresponds to the formula FogN,, that ia, to » mix- 
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tore of equivalents of nitride and dinitride of iron; for ¥%'N^=¥e^'N-\- 
(Ve^^'N: this has no analogue among the combinations of iron with other 
add-radicals, although the probable existence of a disulphide of iron (Pe.^\ S 
or Fe^S, and the well-known tendency of iron salts of different series to 
combine together, removes the improbability of its existence. The di- or 
subnitride of copper may be made by heating the precipitated oxide in dry 
ammonia gas ; its formula is Cu^N, that is, (Cu^)3N. Mercuric nitride is 
similarly produced ; it is a brown powder having the composition Hgg N, 
which explodes with great violence when struck or heated. 

The Kydbooek Coupouitd of nitrogen (H, N), or ammonia, is 
almost always found in combination or union with water: its 
great source is the decomposition of nitrogenized organic matters ; 
any such compounds, when heated with the hydrates of potas- 
sium or calcium, yield the whole of their nitrogen in the form 
of ammonia. The analogous compounds of phosphorus, arsenic, 
and antimony will be seen to be produced by the action of 
nascent hydrogen upon the element under experiment. This is 
not the case when the same agent meets with already eliminated 
nitrogen ; the gaseous condition of the latter body is, however, 
perhaps un&vourable to the success of the reaction. The gas 
ammonia has a very pungent odour, but is not corrosive ; it is 
slightly combustible, burning when a candle is applied to it, but 
the combustion ceasing upon the removal of the ignited body : 
when intensely heated it decomposes into its elements. It may 
be condensed to the liquid and even to the solid state by cold 
and pressure. The solid is colourless and crystalline, and melts 
at —76° C. : the liquid is colourless and very mobile, of specific 
gravity 0"76 ; it boils at —33°* 7 C. at about the ordinary pressure 
(0*7493"). The gas is absorbed by water with the greatest 
rapidity ; and, according to Ure, when the specific gravity of the 
solution is 0*8914 it holds 27*94 per cent, of H^ N" in solution. 

No decomposition with formation of nitrides takes place when ammonia 
gas is passed into saline solutions, or when its aqueous solution is added to 
them : this may, perhaps, be accounted for by the change which is very 
generally believed to oociur whenever H3N meets with H^O, and which 
certainly takes place when it meets with more powerful acids — namely, its 
direct union with the acid, and formation of the corresponding salt of the 
basic radical ammonium : 

H3N+H^0=NH,H0 ; H3N^-Ha=NH,Cl. 
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BJLVn OV PHOSPHOBUB, OS PH08PHII>BS. 

These are more nonieroiie than the azialogoiu compoimds of nitrogen, and 
may be moro readily obtained by reaaon of the occmrenoe of phosphorus in 
the solid, liquid, and gaseous forms within s conyenient range of temperatiire, 
which is a drcimistance most laToarable for a full inyestigation of the chemical 
properties of a body. The phosphides may be produced similarly with the 
nitrides; but some are also formed by the action of phosphuretted hydrogen, 
H3 P (the ammonia of this series), upon saline solutions. The potassium aalt 
is formed when its components are gently heated in an atmosphere of nitrogen ; 
it is a substance of a chooolato-brown colour. The calcium salt is produced, 
together with hypophosphite of calcium, when the T»poar of phosphorus acts 
on lime (Ga, O). Others, again, as the phosphides of iron, copper, and lead, 
are prepared by throwing phosphorus on the melted or red-hot metal, or by 
igniting the filings of the metal with glacial phovpkorio acid (HPO,). These 
compounds may also be formed by heating the metal in the gas H,P ; and 
in some cases, by the passage of that gas through the aqueous scdution of tlie 
metallic salt, the phosphide is slowly formed : thus cupric salts yield black 
phosphide of copper (Cu, P), mercuric salts a whitish yellow precipitate of 
a ba^ salt, and lead salts a brown precipitate. One thing is to be remarked 
in the phosphides, Tiz. that two distinct series of them are known, in one of 
which phosphorus plays the part of a bibasic, in the other of a tribasic 
radical ; thus we haye two series of salts : — 

FoTOiu. Pcnica CnproiUa Coptic* 

Bibasic Ca^P (Fe^X^P — — Ci^P 

Tribasic — — (Fea),P (Cua),P Cu,P. 

It is interesting to know that whilst the minority, if not all, of the tribasic 
phosphides are produced by the yapour of a pliosphorus (ordinary phos- 
phorus, see p. 34) upon metals, the bibasic cupric phosphide (Ou^P) ia 
obtained by the reducing action of hydrogen gas at a high temperature upon 
the bibasic cupric phosphate (Cu^PgO^): it may be, that in the Inbasio 
phosphides the /3 yariety of phosphorus occurs. 

The Htdbooew Compound (H, P), or phosplmretted hydrogen, 
is usually obtained by the action of solution of hydrate of potas- 
sium upon phosphorus, or by the decomposing influence which 
water exerts upon the calcium salt (Ca^ P) ; it is not obtained by 
the action of nascent hydrogen on solid phosphorus. As usually 
prepared, it is spontaneously inflammable in the air. In addi- 
tion to this gaseous body, there is another which is liquid, 
having the composition Hj, P : this latter it is which is said to 
result from the action of water or other acids on the phosphide 
of calcium (Ca^ P) ; but by the agency of light it almost imme- 
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diately splits up into the gas H, P, and a yellowish solid body, 
insoluble in water, which has the formula HP,: this decom- 
position is as follows : — j^ 

6H,P«HP,+3H,P. 
The liquid H^P possesses an intense spontaneous inflamma- 
bility in the air ; and the presence of a small portion of it is said 
to impart its inflammability to tho gas H, P, which is prepared 
from the phosphide of calcium : this is by no means improbable, 
since, when mixed with any combustible gas, it renders it spon- 
taneously inflammable when exposed to the air. The gas H, P 
is very slightly absorbed by water, but sufficiently so to impart 
to it a disagreeable smell and taste. The liquid H, P is inso- 
luble in water. 

Solutions of Mjlkoawese, Zdtc, or Ibon Salts are not precipi- 
tated by solution of phosphuretted hydrogen ; but this liquid does 
precipitate solutions of the salts of Coppbk, Siltbb, Mebcuiit, Lead, 
and Gold. 

SALTS OF ABSKNIC, OR ABSmiDXS. 

These also are both a niimeroiu and important dase of saltB, although 
they hare not yet been much studied ; toother with the phosphides, sili- 
ddes and other similar compounds, they are of the utmost importance 
to the metallurgist, since their presence in minute quantity so much af- 
fects the character of the metals he produces. Arsenic occurs frequently 
combined with metals in nature; and these compounds begin to partake 
more of the characters of metallic alloys than those preTiously mentioned. 
The arsenides may be produced artificially, just as the phosphides — 
namely, by heating the acid-radical itself or its oxygen compound As^O^ 
with the metal, — ^by heating the metal under experiment with the gaseous 
hydrogen compound H, As» or by passing the latter into solutions of some 
metallic salts. The constitution of the arsenides varies even more than that 
of the phosphides ; and they may be grouped into three series, in which a 
molecule of arsenic of the same atomic weight plays the part of a monobasic, a 
Ubasio, or a tribesic radical respectiyely. Our surprise at such peculiarities 
is prevented by the remarkable instances of allotropy occurring among the 
elements, and of isomerism and polymerism among compound bodies. A 
few examples of arsenides may be given, the whole of which here quoted 
occur as minerals in nature — 

Fenrom. Ciqwoiu. Cnpric. 

Monobasic — FeAs NiAs — — 

Bibasic Ma, As — Ni^As (Cu2)jAs — 

Xribaaio — — Ni,As — Cu,Ab. 
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The compound Msid-ndicBls into tbe oompootion of which arsenic enters 
retain this variable basicitj, jiut as the well known and inTeetigated oom- 
poimd acid-radicals containing phosphorus. 

The Hydbooev Compouvd (H, As), or aiBeniuietted hydrogen, 
has been already spoken of at some length (p. 211) ; we will, 
however, here recapitulate its leading properties and Gharaeters. 

It is produced when an alkaline arsenide is dissolved in water, 
or the arsenide of a metal insoluble in water is dissolved in an 
add ; it is formed most commonly by acting with nascent hy- 
drogen npon one of the oxygen compounds of arsenic. It is a 
colourless gas, of which the composition is H, As ; it poesosaeB a 
very offensive and peculiar odour, and is excessively poisonous 
when inhaled. The gas does not redden litmus. At a tem- 
perature of —40^ C. it condenses to a colourless liquid ; but it 
has not yet been solidified. Its specific gravity is 2*695 ; water 
dissolves one-fifth of its volume ; and the solution darkens solu- 
tions of many metallic salts. When heated, this gas is resolved 
into its elements, hydrogen and arsenic; and when a light 
is applied to it in contact with the air, it bums with a bluish 
white fiame, forming the oxide of arsenic (As^Og) and water : 
if sufficient air is not present for the oxidation of the arsenic, 
the latter is deposited upon the sides of the containing vessel 
as a metallic film ; and the same end may be compassed by de- 
pressing a cold porcelain surface upon a jet of the burning gas. 
These features have already been spoken of as tests for arsenic 
(p. 212). 

In the decomposition of arsenide of potassium by water, a 
solid arseniuretted hydrogen is formed, which presents itself as a 
brown powder. Its formula appears to be H, As. 

The salts of the two first subdivisions of basic radicals aro 
not precipitated by the passage of arseniuretted hydrogen gas 
through their solutions ; those of iron also are not precipitated ; 
those of Makgaitbse, Znrc, and Tnr are very slowly decomposed ; 
but most salts of the fourth subdivision are precipitated, some 
in the form of arsenides, as Coppek and PLAinnjic, whilst in 
other cases, as in those of Silvsb and Gold, the metal is thrown 
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down, and arsenioos oxide formed, which remains in solution, — 
thus, when this gas is passed into nitrate of silver — 

12AgN03 + 2H, As -h 5H,0 = 12HN0, + 12Ag + H, As, 0,. 
Organic acid-radicals have some influence in preventing this 
precipitation, as is shown in the instances of the acetate of lead 
and of the tcotrate of antimonyle and potassium (tartar-emetic) 
which are not acted upon by axseniuretted hydrogen. 

SALTS OF AirriKONT, OB AKTtMONIBSS. 

The body antimony, as has been already stated, partakes 
almost more of the characters of a basic than of those of an acid- 
radical, and in its combinations with metals it produces bodies 
which far more nearly resemble alloys (or combinations of metals 
with each other) than true saline bodies, in which no physical 
characteristics of the basic or acid-elements are perceptible. It is 
thus not an easy matter to obtain definite compounds, upon the 
formulae of which an opinion may be safely pronoimced. 

Thb Htdrogek CoMPomn) (H3 Sb), or antimoniuretted hydro- 
gen, IB a very well defined body : it has been folly treated of at 
p. 200, and need be here but slightly noticed. It is obtained 
by the action of water on the antimonide of potassium, or by the 
action of nascent hydrogen on solutions of antimony salts. It 
is a gas which closely resembles H, As ; its composition is Hg Sb : 
when ignited it bums with formation of antimonious oxide 
(SbjOg) and water; and if a cold porcelain surface be depressed 
upon the flame, a metallic spot \s obtained : it ib decomposed by 
a temperature below redness, into its elements antimony and 
hydrogen. This gas is not sensibly absorbed by water. A solid 
antimonide of hydrogen is also known. 

When passed into alcoholic solutions of alkaline hydrates, a 
dark colour is produced, and, finally, brownish black flakes sepa- 
rate : this pecidiarUy distinguuhes it from arsemuretted hydrogen. 
Solutions of salts of ooppbb, silveb, kercuby, and platdtttm are 
precipitated by it more or less readity, with formation of bodies 
of the formula M, Sb, thus — 

3AgN03-hH, Sb«3HN03+ Ag3 Sb. 

b5 
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Sscnoir 11. — T?u mtriies, nitrates, hypcpJuuphites, phosphiieSy 
pJiosphates, arsenUes, arseniates, afUknoniates ; stdpharsenUn, 
suJpliarsenUUes, ndphantimaniates, 

SALTS OF THE ACID-RADICALS WHICH CONTAIN NITROGEN, 
PHOSPHORUS, ARSENIC, AND ANTIMONY COMBINED 
WITH OXYGEN OR SULPHUR. 

Of aeid^radicdU containing nitrogen combined with oxygen, 
two only are of snfficient importance to demand attention; 
these are the nitroos and the nitric radicals (NO, and NO,) : 
several other compotinds of nitrogen and oxygen exist, but are of 
trivial importance in an analytical point of view. 

SALTS OF THE ITITBOUS RADICAL, 0& KTCBITES. 

This radical is nsoally obtained in combination with potas- 
sinm by heating the nitrate of potassium (KNO,) in a cradble, 
by which means the nitrite (ENO,) and oxygen are produced. 
Nitrites detonate when heated with combustible bodies; they 
are either colourless or yellow, and generally ciystallicable : the 
nitrite of silver ib almost the only insoluble salt. This radical 
appears to have the property of aBSuming oxygen and trans- 
forming itself into monobasic, bibasic, and tribasic radicals, 
after the manner of the phosphoric add-radical. 

The HTDBoeEN Salt (HNO,), or nitrous add, is known only 
in solution in water, forming a blue liquid ; its anhydride (N,0,) 
is obtained as a gas when 1 part of stardi is heated witii 8 parts 
of nitric acid of specific gravity 1*25 : if the vapour is first dried 
by chloride of caldum, and then passed through a tube cooled to 
— 2(P C, a very volatile liquid is obtained, green at the ordinary 
temperature, but colourless when exposed to extreme cold ; the 
vapour of this body is yellowish red. 

The FoTAssnnf, Bobittm, Babixjk, SrBoinTDX, Oalcfdx, Mao<- 
KEsnrv, Ibok, and Coppsb Salts of this radical are soluble. 

The SilTer Salt is obtained by adding nitrate of silver to a 
soluble nitrite (as the potassium salt) ; it is a yellowish white 
crystalline predpitate, the formula of which is probably AgNO,. 



VITRATXS. 371 

It requires 300 parts of cold water for its solution, but is more 
soluble iu hot water ; and from its hot solution it crystallizes on 
cooling. It is insoluble in alcohoL 

The Msbcukic Salts are of doubtful existence ; and the Lead 
Salt is soluble. 

This radical is also detected by the following experiments : — 

o. By its liberation, eyen by weak acids (as acetic add), in 
the form of the hydrogen compound, and the instantaneous de- 
composition of the latter, with formation of nitric oxide gas, 
which reddens on contact with air. 

/3. By the addition of a solution of ferrous sulphate and sul- 
phuric acid to the solution of a nitrite, a deep red liquid is ob- 
tained. 

y. Nitrites, when added to solutions of auric chloride or mer- 
curous nitrate, cause the precipitation of gold or mercuiy ; from 
solutions of manganouB or ferrous salts, they precipitate manganic 
or ferric hydrate. 

3. When to a solution containing pure sulphuric acid, iodide 
of potassium, and starch, a minute portion of a nitrite is added, 
the dharacteristic blue iodide of starch is at once produced. 

SALTS OF THE lOTBIC BADICAL, OB KIT&ATSS. 

The abundant forms in which this radical occurs are its potas- 
sium, sodixun, and calcium salts ; they are produced whenever 
nitrogenized organic matter is allowed to decompose in the 
presence of the hydrates of those basic radicals. Nitrates in 
general have a peculiar cooling taste ; they are all decomposed 
at a red heat : some, as the alkaline nitrates, yield nitrites in the 
first place ; but ultimately all are couTerted into oxides, with evo- 
lution of nitrc^n and oxygen. Nitrate of ammonium (NH^NO^) 
undergoes a pectdiar decomposition under these circumstances, 
water and the gas called nitrous oxide (N^O) or lattghing^gas 

being formed : 

NH,N0,=2H,0+N,0. 

Nitrates when fhsed on charcoal tUflagrate, their oxygen 
uniting with the carbon to form carbonic acid gas, which then 
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takes oxygen, and converts the metal into a carbonate, if that salt 
IB capable of withstanding the temperature to which it is exposed. 
When heated before the blowpipe with carbon and sulphur, with 
carbon and phosphorus, or with cyanide of potassium, a very 
violent and dangerous detonation ensues. 

The Htdbogen Cokpoithd (HNO,), or nitric acid, is an exceed- 
ingly corrosive liquid, and forms a most powerful solvent for 
metals, by reason of its ready decomposability. When acting as 
a solvent, however, it differs from most adds hitherto considered, 
which simply part with their hydrogen and receive the replacing 
molecule of metal : nitric add undergoes a more radical change ; 
for so comparatively feeble is the affinity which the nitrogen has 
for its 3 equivalents of oxygen, that the hydrogen of the add in 
escaping decomposes a part of the add-radical with the forma- 
tion of water and the evolution of one of the gaseous lower 
oxides of nitrogen. Thus, when it acts upon copper — 
8HN0, + 6Cu« 6CuN0, + N,0, -f 4B;0. 

nitric oxide. 

This property it is which imparts such a peculiar energy to the 
mixture of nitric and hydrochloric adds known by the names 
nitrohydrochloric add and aqua regia : the oxygen of the nitric 
radical unites with the hydrogen of the hydrochloric acid ; and 
among other products of decompodtion, chlorine is set free, and, 
like all other ntzscent elements, exerts upon the body submitted 
to its action the most powerful effect : 

2HNO,+2HCl=2H,0+N,0,-h2Cl. 
In this way it is that this mixture of adds will dissolve the 
predous metals gold and platinum, which are attacked by chlo- 
rine, although not affected by either hydrochloric or nitric adds 
separately. The same reaction of course takes place when dthcr 
hydrochloric acid is added in excess to a nitrate, or nitric add 
in excess to a chloride ; for 

2MK0,+4HC1 =2Ma +2H,0-|-N,0,-f 2C1 
or 2MC1 +4HN03=:2MN0,-f 2H,0+N,0,-|-2C1 ; 
and it should be remembered that we always have it in our 
power to convert one of these salts into the other by adding 
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exeeu of the acid which we wish to retain^ smce the other, be- 
coming decomposed into gaseous constituents, may be entirely 
removed by wanning the solution. 

The nitric acid usually called ''fuming" is generally red 
from the presence of N^O^, one of the products of its decom- 
position : its specific gravity is 1*536 ; and it solidifies at —49^ 0. 
to a very dark red mass. 

All nitrates arc soluble in water; and therefore this radical 
cannot be recognized by the formation of any insoluble salts. 
It may, however, be identified by other processes : — 
a. By setting free the hydrogen compound (nitric add) by 
the addition of concentrated sulphuric add to a nitrate, and sub- 
jecting it to the immediate action of copper turnings, which must 
be added simultaneously with the sulphuric add, decomposition 
of the nitric add ensues, with disengagement of nitric oxide 
gas (N^O,). The latter is recognized by being itself colourless 
but capable of acquiring a peculiar brownish red colour by mix- 
ture with air ; it absorbs the atmospheric oxygen, and is con- 
verted into ni^ous and hyponitric anhydrides (N^O, and NjO^). 
j3. When nitric acid is produced from a nitrate by the action 
of concentrated sulphuric acid, the mixture cooled by immerdon 
of the test-tube containing it in cold water, a crystal of ferrous 
sulphate added, and the whole allowed to rest, a dark halo is 
observed to form around the crystal, which, upon the application 
of heat, disappears with a kiud of effervescence. This is due to 
the formation of a very singular combination of ferrous sulphate 
and nitric oxide having the formula 4Fe, 80^, N^O, : heat de- 
composes this combination. The cause of its production is the 
decompodtion of a portion of the nitric acid consequent upon the 
passage of the ferrous into the ferric salt, thus — 

lOFe, S0,+4H, SO,-|-2KKO,=x3(Fe,).(80,)3+K, SO, 

-h4Fe,S0„N,0,-f4H,0. 
farown compound. 

y. The nitrates do not reduce gold or mercurous salts; but 
when mixed with hydrochloric add, they acquire the power of 
dissolving gold leaf. 
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d. Upon adding to a nitrate Bolphmic acid and solphindigolic 
acid, the colour of the latter is destroyed. 

Of the acid-radicals containing phosphorus combined with oxy- 
genj those existing in the phosphites and phosphates are of great 
analytical importance. The hypophosphites are rare. 

flALTB OF THB HTPOPHOSPHOROUS KADICAL, OE HTPOPH08PHITB8. 

This acid-ndical is of nre oeeairenee, bemg only prodtioed by artificial 
means. It is obtained in the deoompontion of phosphide of barium by 
water, or by boiling phoaphoniB with an alcoholic solution of hydrate of 
potassium, or with the aqueous solutions of hydrate of barium or calcium, 
until it disappears, and the vapour has no longer the odour of phosphuretted 
hydrogen. The phosphuretted hydrogen evolved during the process fre- 
quently causes dangerous explosions, which may be moderated by employixig 
only a gentle heat. The iMurium or calcium salts thus obtained (BaH^PO, 
or CaHjPOj) are very crystallizable. 

Trs Htdeogbk Salt (H^PO,), or hypophosphorous acid, is a viscid, un- 
crystallizable, very add liquid, which i^en heated decomposes into phos- 
phuretted hydrogen and phosphoric add, thus — ^B^VO^^H^V-^-'SL^VO^, 
Although hypophosphorous add is thus tribasic, one series of salts only is 
known, namely, the series of add salts represented by the general formula 
MH^PO.^; they generally occur with water of crystallization, and are all 
soluble in water, and many of them also in alcohol. 

This radical may nevertheleBs be recognized by several prooessea of de- 
composition : — 

a. When any dry hypophosphite is rather gently heated in a test-tube, 
deoompodtion of its radical occurs ; phosphuretted hydrogen is evolved, 
which may be recognized by its odour and ready inflammability; and a py- 
rophosphate of the metal remains behind. The lead salt ezhibita this de- 
oompodtion best : 

4MHaP02=M^P«OT+H,0+2H3P. 

pyrophosphate. 

/3. When mixed with an add, hypophosphites reduce silver and gold salts, 
predpitating silver and gold ; they also reduce mercuric and cupric salts. 
Q?he same reactions take place more slowly with concentrated solutions of 
hypophosphites. 

y. When boiled with excess of hydrate of potasdum, alkaline hypophos- 
phites evolve pure hydrogen gas : 

KHaPOj+2KHO=K8 PO^+ffl. 
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SALTS OF THE PHOSPHOBOI78 BADICAL, OB PHOSPHITES. 

This acid-radical is obtained in combination with hydrogen 
by the decomposition of terchloride of phosphorus (PCI,) by 
water, or by the slow oxidation of phosphoms in the air. 

The HrDHOOEN Salt (H, PO, ?), or phosphorous acid, is known 
in the liquid and also in the crystallized state ; when heated, it 
decomposes, thus — ^ 

4H3PO.=3H,PO,+H,P. 

The Alealdtb Phosphitbs are soluble in water ; most other 
salts are insoluble or nearly so. The add salts of the formula 
MH, PO3 are soluble in water ; the acid salts having the com- 
position M^HPOg are less so, whilst the neutral phosphites 
Mg PO3 are insoluble. 

The Babittm and Calciuh Salts are slowly precipitated by the 
addition of alkaline phosphites to soluble J)arium or calcium salts, 
as white precipitates having the formula M^ HPO, : by boiling, 
the precipitation is accelerated ; but the precipitate which then 
falls is M3 PO3, — ^MHj PO3 (the acid salt) remaining in solution. 
They are soluble in most adds, and by nitric add are converted 
into phosphates. 

The Magnesitm Salt is not predpitated when a dilute solution 
of a magnedum salt is added to a soluble phosphite in the pre- 
sence of the chloride and hydrate of ammonium. 

The Febbotts Salt is white, changing to red bade ferric phos- 
phate. The Febbic Salt is white. 

The Zmc Salt is soluble. 

The Cupbic Salt is blue. 

The Mebcubotts, Meboitbic, and Silveb Salts do not exist. 

The Lead Salt is white. 

This radioed may also be recognized as follows : — 

a. The majority of the phosphites do not evolve phosphuretted 
hydrogen, but pure hydrogen sHghtly contaminated with it, 
when the dry salts are heated. The lead salt is an exception. 

2Ba,HP03 4-H,0«Ba^ P,0^-h4Hr 
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/3. Soluble phosphites reduce solutions of cupric, silver, mer- 
curic, or gold salts, and precipitate the metal. This takes place 
especially on boiling. 

y . Phosphites, when boiled with excess of hydrate of potassium, 
are not altered, nor does any evolution of hydrogen occur. 

SALTS OP THE PHOSFHOBIO BADICAL, OR PHOSPHATES. 

The phosphates occur somewhat abundantly in nature ; they 
are found distributed in small quantities through the mineral 
and vegetable kingdoms, whence they pass into the bodies of 
animals, to which they are absolutely essential for the formation 
and renewal of their skeleton. 

The Hydeogen Salt (H, PO^), or phosphoric acid, is produced 
by the decomposition of these, or by the solution, of phosphoric 
anhydride (the body PjO^, which is the white crystalline solid 
obtained when phosphorus is burnt in oxygen or air) in water. 
The substance P^O^, when combining with water, produces three 
distinct acids, thus — 

Pj,0,-|-HaO a=2HP0g, meta- or monobasic phosphoric add. 

PgOg-f2HjO=H^ PjO^ pyro- or bibasic phosphoric acid. 

Pj05+3H,0=2H3 PO^, ordinary or tribasic phosphoric acid. 
These are each the representative of three distinct classes of 
salts, called respectively the metaphosphates, pyrophosphates, and 
phosphates, or the mono-, bi-, and ordinary phosphates : whether 
in these the three allotropic varieties of phosphorus exist, we do 
not know; but they singularly correspond to the two classes 
of phosphides previously mentioned (p. 366). The phosphates 
which ordinaiily occur in nature are the tribasic phosphates. 
When the anhydride P^O^ is dissolved in abundance of water, 
and the solution heated, the latter of these acids is produced ; 
but if the phosphoric anhydride be allowed to dissolve in cold 
water, the second is obtained, — ^whilst, again, if the aqueous solu- 
tion of either acid be evaporated in a platinum dish until water 
no longer ib expelled, the residue solidifies on cooling into a 
glassy substance, which is called '* glacial" phosphoric add, and 
which is in reality HPO3, or the monobasic acid. This will 
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volatilize altogether at a red heat. The solution of the ordinary 
add (H, PO^) may be evaporated without decomposition up to a 
temperature of 149^ C, when it becomes of a syrupy consistence ; 
between that temperature and 21B^ C. it loses the elements of 
water, and is converted into pyrophosphoric acid ; and if cooled 
from that point, it solidifies in the form of a soft glass, or in 
small granular crystals ; if heated further, it again loses the ele- 
ments of water, and is converted into the monobasic add, as has 
before been stated. 

Many phosphates behave in a characteristic manner when 
heated, owing to their peculiar constitution : thus with the tri- 
basic radical PO^, which forms the three series of salts, 

MH, PO, M, HPO, M3 PO,. 

add salt. acid salt. neutral salt. 

If heat is applied to the second of these acid salts, it decomposes 
into water and a neutral pjrro- or bibasic phosphate, thus — 

2M,HP0,=M,P,0,+H,0 : 

and again, if the first add salt be heated, water is again obtained 
and a meta- or monobasic phosphate ; for 

MH,PO,=MPO,-fH,0. 

The pyrophosphates exhibit similar features. Notwithstanding, 
however, that the acid salts of the various phosphoric radicals are 
thus unstable, all neutral salts are but little affected by heat : 
the generality fuse to a glassy mass, and yield to few decompos- 
ing agents except carbon, which, at a high temperature, removes 
the oxygen from most phosphates except those of potassium and 
sodium, and eliminates the phosphorus, which then distils and is 
suitably collected. (See p. 33.) 

Of neutral phosphates, those of the first subdiyision are almost 
the only soluble ones ; many of the add phosphates, espedally 
those of the formula MH, PO^, are soluble in water ; most are 
soluble in adds. 

Thb Babium, Stbontixjic, and Calcium Salts are white pred- 
pitates of the formula M^HPO^ when produced by the action of 
ordinary phosphate of sodium (Na, HPO^). They are soluble in 
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cbloride of ammominiii, insolable in water, bat soLnble in acidSy 
even in acetic. 

The neotnl mete- and pyiophosphatet of barium are inaolable in diloride 
of ammonium, or waler, and the latter alao in afoetie add. The same aaha 
of atrontiam are inaoluhle in water, and the former also in acids, the latter 
in acetic add. The metaphoephate of oaldnm is a idiite TiMX>as pnedpitate ; 
and the pyrophoephate does not diaaolTe in acetic add. 

The Kagkesium Salt is formed but slowly by the addition of 
a salt of magnesimn alone to a soluble phosphate — ^the precipitate 
nnder such drcnmstances has the formula Mg, HPO^ ; if, how- 
ever, chloride of ammonium and ammonia have been preyionsly 
added, the subsequent mixture with a magnesium salt gives rise 
to an immediate crystalline precipitate, which forms more rapidly 
on stirring : its formula is Mg^NH^ PO^. 

It is soluble in 7548 parts of chloride of ammonium, in 44,330 

parts of hydrate of ammonium, and in 15,627 parts of chloride 

of ammonium solution containing hydrate of ammonium. It is 

insoluble in water which contains any phosphate in solution, but 

dissolves in 15,293 parts of pure water, from which it may be 

precipitated by the addition of ammonia. It dissolves in adds. 

The meta- and pyrophosphatea are aoaroely psodaoed ezoept in the pre* 
senoe of hydrate of ammonium. 

The Febbous phosphate and pyrophosphate are white. 

The Perric Salt is white ; its formula is uncertain. It is in- 
soluble in ammonium salts, except the carbonate and sulphite, 
and it dissolves also in hydrate of ammonium in the presence 
of phosphate of sodium. It partially dissolves in carbonate of 
sodium. It is soluble in 1500 parts of water, and is easily dis- 
solved by dilute acids, even by sulphurous, but not by cold acetic 
acid. 

The metaphosphate is white, insoluble in water or dilute adda, but soluble 
in strong sulphuric acid. 

The pyrophosphate is white, and is soluble in hydrate or carbonate of 
ammonium or in phosphate of sodium ; it is insoluble in chloride of ammo- 
nium, and in hydrochlorio or sulphurous adds. 

Thb Zinc 8alt is a gelatinous precipitate which becomes cry- 
stalline on standing. It formula is Zn, PO^. It dissolves in the 
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hydrate and most ammomum salts^ is insoluble in water, bnt 
soluble in acids. 

The metaphosphate is soluble in water. The pyrophosphate is white, 
soluble in ammonia, but insoluble in water. 

The CiTPBic Saxt is bluish green ; of the formula Oo^ HPO^, 
slightly soluble in ammonium salts, insoluble in water, but soluble 
in adds. 

The metaphosphate is bluish white, insoluble in water or in dilute acids, 
bnt soluble in strong sulphuric add. The pyrophosphate (Cu^P^O,) is 
greenish white, soluble in ammonia, phosphate of sodium, and acids. 

The Argentic or Silyer Salt is yellow. 

Its formula is Ag, PO^. 

It dissolves easily in the hydrate or carbonate of ammonium, 
but less so in other ammonium salts ; it is insoluble in water, 
but soluble in most acids. 

The metaphosphate is white, decomposed by water, soluble in nitric add. 
The pyrophosphate is white, of the formula Ag^P^O,, soluble in hydrate 
of ammonium, insoluble in water or acetic acid, soluble in nitrio add, which, 
by boiling, oonyerts it iato the ordinary phosphate (Ag, PO^). 

The Msbcurovb Salt is white, of the composition (Hg^)^ P^O^, 
insoluble in water and in many adds. By some adds it is de- 
composed. 

The pyrophosphate is white, and is decomposable by hydrochloric add. 

The Mebcttexc Salt is white, it appears to be the pyrophos- 
phate (Hg^P^O^). It dissolves in many ammonium salts, but 
very slightly in the hydrate. It is insoluble in water, but soluble 
in many acids. 

The Lead Salt is white, and variable in composition, bdng 
sometimes Pb^HPO^, and at other times PbjPO^. It dissolves 
in hydrate of potasdum or chloride of ammonium, is insoluble in 
water or acetic add, but soluble in nitric add. This salt ex- 
hibits a great peculiarity: when heated on charooa before the 
blowpipe even the inner flame fails for some time to reduce it ; 
and upon removal from the flame, the colourless and transparent 
bead becomes opaque and crystalline on cooling ; the crystalline 
form is the dodecahedron. 
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The metophoephate u white, insoluble in ammonia. The pyrophosphate 
(Pb^PgO^) is white, soluble in hjdrate of potaaaium or pyrophoaphate of 
sodium, insoluble in hydrate of ammouium and in many acids, but soluble 
in nitric add. 

Other means of provmg the existence of this radical are want- 
ing, owing to its great stability; it may, however, be recog- 
nized by adding to the nitric solution of a phosphate (an alkaline 
phosphate is the best) some molybdate of ammonium (NH^ MoO J, 
evaporating to dryness, and just redissolving in nitric add: a 
yellow crystalline residue is an evidence of the presence of a 
phosphate. 

Of add-rculiedls containing arsenic and oxygen, two only are 
known, those occurring in the arsenites and arseniates. 

SALTS OF THE ASSBNIOirS RADICAL, 0& ABSENITES. 

The arsenites are considered bibasic, and have the general for- 
mula M^ As^O, ; they are sometimes colourless, but occasionally of 
beautiful colours. Most arsenites, when heated alone, decompose 
and leave the oxide of the basic radical, whilst the anhydride 
(As^Og) volatiles ; some, as the alkaline arsenites, decompose into 
an arseniate and arsenic. 

The Htdbogek Salt (H^As^O,) is unknown; for when its 
supposed aqueous or acid solution is evaporated, the arsenious an- 
hydride (As^Og) crystallizes out. 

'' The Alkalute Absenites are soluble in water ; but most others 
are insoluble, although dissolved by acids and frequently by 
ammonium salts. 

The Babiitk and Stboktittic Salts are precipitated only after 
being allowed to rest for some time. 

The CALcniM Salt is precipitated immediately on mixing a 
soluble arsenite, or arsenious acid, with excess of the hydrate or 
other salt of calcium. It is a white precipitate. 

Dried in the air, its composition is Ca^ As,Og-|-aq« 

It dissolves in ammonium salts, but is only slightly soluble in 
water ; in dilute acids, and even in an aqueous solution of arse- 
nious acid, it is soluble. 
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The MAGinBSiutf and Zmc Salts are scarcely known. 

The Cnpric Salt is bright green. Its formula is Cu^ As^O^ ; it 
dissolves in ammonium salts and in acids. 

The Argentic or Silver Salt is lemon-yellow, of the formula 
Ag^ ASjOg. It dissolves in ammonium salts and in acids. 

Thb Mebcurous, Msbcubic, and Lead Salts are white preci- 
pitates, insoluble in ammonium salts, but soluble in nitric acid. 

In addition to these means of detection, this radical may be 
recognized by other methods, previously detailed (p. 209), but 
which may be here briefly recapitulated : — 

a. By heating the ai*senite in a bulb-tube with carbonate of 
sodium or charcoal, and observing the arsenical mirror. 

j3. By the action of nascent hydrogen, which produces the gas 
H!, As, by the subsequent decomposition of which the arsenical 
mirror may also be obtained. 

y. By the action of hydrosulphuric acid gas, which, when 
passed through the hydrochloric solution of an arsenite, yields 
the arsenious sulphide, which may be further tested by the me- 
thod of Fresenius and Yon Babo (p. 213). 

SALTS OF THE ABSENIC BADICAL, OB ABSENIATES. 

The arseniates are tribasic, and bear a great resemblance to 
the phosphates ; they are produced by the action of nitric acid 
or other oxidizing agents on arsenious anhydride or arsenitcs. 
The arseniates when heated are not so prone to decompose as 
the arsenites. 

The Htdbooen Salt (H, AsO^ ?) is known ; it occurs in large 
crystals. By heating this body to fusion, a glassy substance, ar- 
senic anhydride (As^jO^), is obtained. 

The Alkalute Abseniates are soluble ; most others are in- 
soluble. 

The Bariuk, Stbonttdh, Catxtcjm, and MAOKEsniH Salts are 
white, insoluble in water, but soluble in acids. 

The Zmc Salt is similar. 

The CtJPBic Salt is bluish green, insoluble in water, but 
soluble in ammonia water and in the stronger acids. 



382 CHEMICAL BSACnOKS. 

The Aigentie or SilTer Salt is dark brick-red; its formula is 
Ag,AsO^; it is insoluble in water, but soluble in ammo&ium 
salts and in many adds. 

The Mebcuxous Salt is white, changing to a fine red, a doable 
salt being at first precipitated. Its composition is (Hg,), HAsO^ 
+aq. It is insoluble in most ammonium salts and in water, but 
soluble in nitric add. 

The Mebcuiuc Salt is yellow, soluble in nitric and arsenic 
adds. 

The Lead Salt ib white, of the formula Pb^ AsO^ insoluble 
in ammonium salts and in water, but soluble in nitric add. 

This radical may be recognized in precisely the same manner 
as the preceding one, by processes of decomposition, a few pre- 
cautions being taken. 

a. Arseniates should be mixed with carbon, or carbon and 
boradc anhydride, before introducing into the bulb-tube in the 
blowpipe experiment. (See p. 210.) 

)3. With nascent hydrogen they act as arsenites. 

y. But before passing hydrosulphuric add into thdr add 
solution, the latter should be inyariably treated with a current of 
sulphurous add gas, in order to reduce the arsenic to an arsenious 
salt. This is necessary because the arsenic sulphide (As, 8,) 
forms and separates very slowly, whilst the arsenious sulphide 
(As,S,) is much more rapidly produced. The liquid must be 
boiled until every trace of sulphurous add gas is evolved, before 
any attempt is made to pass sulphuretted hydrogen. 

Of acid-radicals formed hy the wnion of antimony and oxygen^ 
two only are known — ^those existing in the antimoniates and 
metantimoniates ; but of their combinations we are almost wholly 
ignorant. (See p. 207.) 

Of acid-radicails formed hy the union of arsenie and antimony 
wUh gulphur, three are well defined — ^those ofiafiTig in the sulph- 
arsenites, in the sulphaiseniates, and in the sulphantimoniates ; 
but they are not of suffident importance to demand a separate 
notice. (See pp. 208 and 217.) 



TABLE OF BEACTIOKS. 



383 



TABLE OF BEACnONS. 



Salts. 


HO,. 

(see p. 370) 


HO,. 

(p-371) 


PO*, 

(p. 376) 


Ab,Os. 

(p. 380) 


A1O4. 

(p. 381) 


Potassium 1 
Sodium... j 


— 


— 


— 


— 


— 


Barium 


— 




white 


white 


white 


Strontium ... 




— 


white 


white 


white 


Calcium 


— 


— 


white 


^^te 


white 


Magnesium... 




— 


' white 
crystal- > 
line 


? 


white 


Ferrous 




— 


' white 
to blue 


? 


white 


Ferric 






f buff, 
white 
or white . 


ryeUow-l 
brown J 


brown 




Zinc 


— 


— 


• white 
geUti- 
nous 


— 


white 




Onpric 

Silver 


ryeUow- 
ish 
white J 


— 


bluish 
. ff^een , 

yellow 
white 


r bright 1 
\ green J 

lemon- 
\ yellow J 

white 


r bluish 1 
1 P^een J 

r brick- 1 
I red ) 

r white ] 
[ tored J 


Merourous... 


ICerouric .... 




— 


white 


white 


yellow 


Lead 






white 


white 


white 
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Analysis of Subdivision lY . 

The acid-radicals of more common occurrence only being in- 
cluded, the salt may be a NITRATE, PHOSPHATE, AE- 
SENITE, or ARSENIATE. 



Eridenoe of the presence of the first of these add^radicab may be ob- 
tained by adding oonoentrated sulphiuio add to the solid, or its starong 
solution, and heating. 

Pungent orange brown yapours indicate a nitrate. 

Proof of the presence of arsenic will haye been obtained in the exami- 
nation for the basic radical, which in analysis always precedes tlM settrcfa 
for the acid-radical. If the salt, when heated with carbonate of sodium 
and charcoal in a bulb tube (see p. 210), yields 

a metallic ffUrror^ an arsenite or arseniate is indicated. 



Further Analysis, 

Acidify a portion of the solution of the salt with a few drops of dilute 
sulphuric acid, and pass hydrosulphuric acid gas. 



A yellow predpitate of 

As^SjOrAB^S. 

would indicate the 

presence of 

A8.,05 or AiO^. 

To fitafawgiiiali between 

these, the silver test 

must be resorted to, being 

applied to tL perfectly 

neutroHeed part of the 

original solution. 

Agjisfif is yellow ; 

AggAsO^ IS hrick-retU 



If no predpitate, or only a white one of 
sulphur (due to nitric add), warm the solution, 
to expel erery trace of hydrosulphuric add; 
add excess of acetate of potassium, and a drop 
or two of perchloiide of iron. 



A white pre- 
dpitate of 
Fe^PO^ 
would indicate the 
presence of 
PO4. 



If no predpitate, a firesh 
(Mrtion of the original solu- 
tion of the salt should be 
mixed with oonoentrated 
sulphuric add (the teat- 
tube bein^ cooled at the 
time of mixture by immer- 
sion in water), a crystal of 
ferrous sulphate then added, 
and the whole allowed to 
rest: the formation of a 
reddish brown halo around 
the crystal, oonaisting of 
4Fe,S0^, NjOj. would mdi- 
cate the presence of 
NO,. 
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Part II.— THE METHOD OF ANALYSIS. 



CHAPTER I. 

INTRODUCTION. 

IeRRESTRIAL matter, although consisting primarily of a de- 
finite number of elements, is found, as the student will now have 
learnt, in an almost infinite variety of combinations. These 
combinations or salts are formed, it will be remembered, by the 
tinion of two classes of bodies, which may be either simple or 
compound, and are distinguished as basic radicals, and acid* 
radicals. To test these combinations, that is, to identify their 
basic or acid constituent, is easily accomplished by the employ- 
ment of any appropriate reaction which may elicit some charac- 
teristic feature of colour, odour, insolubility, &c. ; but to analyse 
such a combination, that is, to separate its basic and add-radical 
either in an isolated condition or in a new form, is a more diffi- 
cult task. And this difficulty is, of course, enhanced when the 
process of separation has to be performed upon a complicated 
mixtwre of salts. 

Although complex bodies of mineral origin, almost without 
exception, as weU as a vast majority of those derived from ve- 
getables and animals, are reasonably believed to be definite saline 
combinations of basic and add-radicals, still several substances 
which occur abundantly in organic structures, such as albumen, 
fibrine, starch, and gelatine, are composed of molecules so com- 
plex as to baffie all attempts made to catch a glimpse only of 
their constitution. These bodies, therefore, are not subjects for 
chemical analysis; at least, they cannot be resolved, like the 
saUne combinations of compound radicals, into their proccimate, 
but only into their several eUmewtary constituents. 
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Since, therefore, the prooeases of qualitative analysis to which 
the present work is confined haye for their object the sepa- 
ration, recombination, and recognition of certain forms of ele- 
mentary or of definite compound matter, i.e. the separate identi- 
fication, in the bodies termed salts, of their add- and basic radi- 
cals, it is obvious that all indefinite compounds, to which ultimate 
analysis only is applicable, are excluded from consideration. All 
salts commonly met with (using the term salt in its widest sense, 
as including bases, oxides, acids, &c.) may, however, be considered 
as fit subjects for qualitative chemical analysis. 

It will be at once se6n that the certainty of analysb depends 
much upon the simplicity or complexity of the bodies witii which 
it has to deal. Thus, chemical analysis is most likely to be 
successful with bodies of mineral origin ; for in them, generally 
speaking, the elements exist in the simplest forms of combi- 
nation. These constituent elements of mineral substances are, 
moreover, possessed of most powerful chemical afiinities, and, 
above all, are usually neither themselves gaseous at ordinaiy 
temperatures, nor do they yield gaseous products. On the other 
hand, the bodies derived from the animal and vegetable kingdoms 
are compounds in which, for the most part, the four elements, 
carbon, hydrogen, nitrogen, and oxygen, exist in large propor- 
tion. The ready decomposability of these organic bodies depends 
in great measure upon the gaseous character, i. e. the volatility 
of their constituent elements, and upon the remarkable tendeaicy 
which carbon and hydrogen, or carbon, hydrogen, and oxygen 
present, to unite in endless and ever- varying proportions. Other 
causes combine to render these substances unstable, such as the 
great affinity of carbon and of hydrogen for oxygen (CO^ and H,0 
being thus formed), and of nitrogen for hydrogen (NH, bdng 
the product) : the gaseous character or ready volatility of the 
smipler compounds thus produced is also to be taken into ac- 
count. But the causes of the instabihty of these organic sub- 
stances IS not now the object of discussion ; it is merely adduced 
ow small a hold upon them chemical analysis possesses, 
we consider that its object is to separate a particular com- 
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pound, which in these substances may slip, by a Protean meta- 
morphosis, through the fingers of the experimenter in the very 
process of detection. The action of reagents, themselves the 
means of analysis, is sufficient to decompose bodies such as 
these. 

But it is far otherwise with the elementary or simpler forms 
of matter which constitute mineral bodies. These are not so 
affected by reagents ; and if isolated, there is in most cases no 
danger of their volatilization at ordinary temperatures, and none 
of their decomposition : neither is their presence so concealed as 
to be undiscoverable ; for no known means, however energetic, 
can destroy their identity. It matters not whether they exist 
dissolved in mineral waters, crystallized as distinct substances 
in masses of mineral, or diffiised in minute quantity through 
various soils; their recognition and separation is a matter of 
almost equal certainty. It is thus that mineral poisons are so 
much more easy of detection than those of vegetable or animal 
origin. The latter poisons are, in the majority of oases, easily 
destroyed, and often cannot be satisfactorily pronounced to be 
the poison supposed without a quantitative determination of the 
proportions in which the carbon, hydrogen, nitrogen, and oxygen 
are present. Arsenic, lead, and copper, on the other hand, are 
subject to no such accidents. Whatever stage of decomposition 
the body poisoned by these substances may have reached, these 
minerals can still be recognized and separated from the moulder- 
ing remains. 

So far for the limits and the scope of qualitative analysis ; we 
will now speak of its method. 

The student will now have become acquainted with a certain 
number of tests, the application of which, either singly or com- 
bined, cannot ML to assure him of the presence or absence of 
every basic or acid-radical. To analyse successfully, there is, 
however, one point to which he must invariably attend ; and that 
is, to preserve a well-ordered sequence in the application of the 
tests at his disposal. By the tables which have been appended 
to each subdivision of the basic and acid-radicals (in Chapters 

s2 
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YI. and VII.), the student has been somewhat prepared for this 
system, which, although at first sight it may appear to be a 
waste, is in reality an economy of time. The only true source of 
certainty in analysis consists, in &ct, in this application of tests 
in a certain fixed order. The first step must always be to sepa- 
rate a group of substances (such as a subdivision of basic radicals) 
the members of which may always be removed together as one 
precipitate by the employment of a certain reagent. The labour 
is thus simplified : for if such a reagent fail to produce a preci- 
pitate, we know that an entire group of bodies is absent ; if, on 
the contrary, a precipitate is produced, we have an assurance 
that it can only contain certain members, and know therefore 
the limit of our search in that direction. This accomplished, a 
second group- test is applied, and the same course followed, until, 
having exhausted group-tests, we have ascertained in what sub- 
division or subdivisions the substance or substances sought for 
exist. Then, by the application of less general tests, we con- 
tinually subdivide the groups until the isolation of the individual 
members is accomplished. This principle applies to the analysis 
of simple salts or mixtures — to the detection of basic or add- 
radicals. And the student cannot be warned too early of the 
extreme folly of what may be termed analytical ''angling " — of the 
promiscuous employment of tests which, when properly applied, 
are extremely effective in detecting individual substances. Com- 
plicated results may thus ensue, to unravel which may baffle all 
the ingenuity of the student ; many substances, too, may thus be 
entirely overlooked, ui consequence of the special test employed 
acting upon bodies other than the one sought for, and in a way 
not remembered. 

To take an instanoe from a frequent ooourrenoe in the laboratory. The 
student has a aolution to analyw, the colour of which is green. He instantly 
concludes that the base is copper ; and instead of employing the ordinary 
sequence of group-testa, he deyises a short and easy method. Knowing tli^^ 
hydrate of ammonium gives a characteristio reaction with copper salts, he 
adds it : a green precipitate is formed, and then redissolmed ; bat the solu- 
tion does not present the deep blue colour of cuprammonium salts. Thus 
he is disappointed ; but, still under the impression that he is dealing with a 
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copper salt, he tries the action of hydrate of potassium : a green precipitate 
occurs, somewhat pale, it is true, but the student nevertheless regards it as 
confirmatorj of his original supposition. Ferrocjanide of potassium is next 
added ; and the green precipitate which follows is a new perplexity. In 
despair at these results so conflicting and so contradictory of his original 
idea, he adds sulphide of ammonium : the black sulphide formed confirms 
bis first supposition ; the doubts consequent upon the preyious reaction clear 
away ; and he definitely pronounces the solution to contain copper. Why 
has nickel been thus obviously mistaken for copper ? Because the experi- 
menter, in defiance of the conflicting evidence which the special tests have 
afforded, has entirely neglected all proper sequence of experiment, and 
omitted to apply the test which diaims precedence of all — the group reagent, 
hydroeulphuric acid in an acid solution, by the employment of which he 
would at once have been able to decide the question about which so much 
time has been wasted. 

The student, however, should be equally careful not to trust 
too implicitly to a mechanical familiarity with the routine of 
analysis, and should learn by repeated trials to assign to each 
indication no more than its due value. The accumulation of 
evidence is also of the highest importance. 

Next to the accurate recollection of reactions characteristic of 
each basic and acid-radical, a scrupulous attention to the orderly 
application of tests is, as we have seen, most necessary to suc- 
cess in analysis ; and so, in order that the student may be well 
practised in this method, it is advisable that he should at first 
test suhstances for basic radicals only, reserving for a second 
stage the analysis of salts with a view to the detection of their 
acid-radicals : for these latter are, for the most part, identifiable 
only by a chain of circuitous evidence. And it must be remem- 
bered that, upon the knowledge of the basic radical present in a 
salt, the mode of testing for its acid constituent is frequently 
founded ; indeed, the presence of the latter is often ascertained 
in the examination for the former constituent. We now proceed, 
therefore, to details. 
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CHAPTER n. 

QUAUTATIVE ANALYSIS OF A SINGLE SALT. 

Sectiok I. — Eicaminatian for the baste constituent. 

The student will have learned^ from the analytical schemes already 
given (Part I. Chapter VI., pp. 81, 97, 160, 190, 245), what basic 
radicals he should be prepared to find in any salt. In order to 
Beualitate analysis, it has been found advisable to perform in the 
first place a few experiments, chiefly with the blowpipe, upon the 
dry salt. These experiments constitute what has been termed 
'' the preliminary examination ;" and the results which it yields 
with a simple salt are often so decisive as at once to determine 
the nature of the basic radical present. Skill in this blowpipe 
analysis is of great service to the travelling mineralogist, since 
the apparatus necessary for conducting it may be packed in a 
small compass, and the results obtained afford a tolerably cer- 
tain and valuable guide in examining the minerals of the countiy 
through which he passes. The student, however, who has the 
means of controlling these results by ftirther analysis of a solu- 
tion of the substance, or '< analysis by the wet method," should 
always consider the latter, as in truth it is, the mode of procedure 
most to be relied on, and should then employ the blowpipe ex- 
amination only as the preliminary step to a more accurate analysis. 
A convenient form of this examination is given in the following 
Table, in which, and in the other Tables which succeed, symbols 
are often employed in the place of words. 

Simple soluble salts for analytical examination may be selected 
from those mentioned under each basic radical in Chapter VI. 
For acid-radicals, their combinations with sodium, potassium, or 
ammonium may in general be used. Examples of insoluble salts 
may be obtained from those printed in antique type. 
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PreUminary examination for the deUetum of the basic radical. 



EZPSBIMSNT. 



Heat the powdered 
BolMtuice by tne blow- 
pipe flame, allowing the 
flUune to spread, on a flat 
auifiice or charcoal ; be- 
gin with a gentle heat, 
and increaae to intenae 
ignition. 



Allow the rendue (if 
any) to be heated by the 
central part of the flame. 

Colour imparted to 
the blowpipe flame in 
the fint experiment. 

Incrustation on the 
charcoal ; its distance 
from thatendof the char- 
coal on which the sub- 
atanee has beoa placed ; 
ita colour. 



If A (see abore). 
Heat with Na, CO, in 

bolb-tube (see pp. lOO, 

SIO). 

Heat with lolation of 

KHO in teat-tube (see 

p. 78). 

If B 1. & (see abore), 
Heat with C0NO3 on 
chareoal in oiidiiing 
flame. 



If B 9 (see above), 
Heat with borax on 

Slatinum wire in both 
amea, and obaerre the 
colour of the bead, both 
when hot and when cold. 



OBURVATION. 



A. Entirely volatilB. 



B*t* Not Tolatile ; no reduction of metal. 
1. Residue white on cooling, 
fa. Fuaible when hewted. 

d. InfunUe when heated. 

S. Beaidue coloured on cooling. 
C. Not volatile ; reduction of metal. 
1. Ifetallic globules malleable. 

9. Metallic globulea brittle. 
3. Black metallic powder. 

Brilliant incandescence, 
briillancy. 



1. Green ; S. Red; S. Crimson ; 

4. Yellow-green ; 5. Yellow ; 6. Videt. 



1. Dense white; very distant. 

S. White and crystalline ; distant. 
S. Bluish white ; distant. 

4. Yellowish white when hot, almost or 

quite white when cold ; less distant. 

5. Orange hot, yellow cold ; less distant. 

6. Dense white ; less distant. 

7. Reddish brown j less distant. 



1. Sublimate is a black mirror. 
9. Sublimate is gr^ i^obulea. 

Pungent ammoniacai odour. 



Residue, originally white, becomes— 
1. pink ; 9. blue ; 3. green. 



O.P. 
I. vf^eeit. 
9. Orem when hot. 

Slue-greeHf cold. 
8. Orange, hot. 

Yellow, cold. 

4. Blue. 

5. Amethifai. 
a. Red-browH, 



B.F. 

U 1*0011. 

Colourless when hot 
ReddUh, cold. 
Colouriess, hot. 
BoUlt'green, otAA, 
Blue. 
Colourless. 
Grey. 



iHnRsircE. 



A. NHj, Cd, Hg, 
As, certain salte 
of tin. 

CAl,Zn. 

B. I.Subd.I.&II. 

a. K, Na, peibaps 
Subd. II. 

b, Subd. II., Al, 
Zn. 

9. Cr,Fe,Hn,Co> 
Ni. 

C. 1. Bb, Ag, 8n, 
Cu, Au. 

9. Bi, Sb. 
8. Ft. 

Ca, Ug, Al, Zn. 
Ba, Sr. 



l.Cu,9.Ca,3.Sr, 
4. Ba, 5.Na, 6. K. 



..^H^a. HgC. 

9. ASgOs. 

8. Sb^O,, SnCl. 
4. ZntO, BigOs. 



6. PbsO. 
0. Sn,0. 
7.Cd,0. 



1. As. 
9. Hg. 

NH4. 



I.Mg,9.Al,3.Zn. 



l.Cr. 
9. Cu. 

8. Fe. 

4. Co. 

6. Mn. 
6. Ni. 



* We cannot be sure that the substance belongs to B, and not to C, until we have also 
heated it on chareoal with Na^COs or KCv. 

t Host salte eontoining water of crystalliiation fuse as soon as heated, from the solvent 
action of the water; but the substance under examinataon can only be pronounced fusible 
when it continues so under the prolonged action of heat. 
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The stadeoEit should make carefal and ample notes of all ob- 
servations made, drawing up his results in the tabular form 
given above ; and having done this, he should proceed to make 
a solution of the substance under examination, preparatory to the 
actual anal3^. 

ACTUAL AITAXTBIS FOE THE DETECnOlT OF ONE BASIC EADICAL. 

If the sabstance be soluble in water, that liquid is the best 
solvent that can be employed, since all others entail more or less 
trouble in the subsequent treatment ; and so desirable is it that 
water should if possible be used, that in analysing a substance 
known to be a single salt only, if it is but slightly soluble in 
water, that aqueous solution may be taken in preference to an 
acid one. The solubility or insolubility of any substance in a 
given liquid may be ascertained veiy readily by boiling the solid 
and liquid together, allowing the mixture to cool, and then filter- 
ing it. A drop of the filtrate is now evaporated on a bright 
piece of platinum foil or in a watch glass, when, if a tolerable 
residue be visible, enough substance is contained in the solution 
for the purposes of the analyst. But if the residue be scarcely 
appreciable, or if none be present, the substance must be con- 
sidered insoluble, and another course adopted. 

If water &ils to dissolve the substance, acids must be em- 
ployed. The incautious use of adds, however, leads not unfire- 
quently to failure in analysis ; great judgment is therefore neces- 
sary in dealing with these solvents. The adds most commonly 
employed are hydrochloric and nitric, or a mixture of these ; but 
before proceeding to the^ selection of one of these solvents, the 
student must recall the results of his preliminary examination, if 
indeed the substance has been found insoluble in water. If, in 
the blowpipe experiments, a malleable globule of the lustre and 
colour of silver or lead, or a sublimate indicative of mercury has 
been obtained, nitric, not hydrochloric add, must be employed. 
The reason of this is apparent. Hydrochloric add, in dis- 
solving silver, mercurous, or lead salts, produces an insoluble 
chloride of those metallic radicals, which will baffle the student's 
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attempts at analysis. The following equations represent the 
different results of acting upon an insoluble silver salt with hy- 
drochloric and with nitric acid : — 

^g2CaO,+2HCl=H,C,0,+2AgCl. 

ppt. 

Ag,C,0,+2HN0,=H,C,0,+2AgN0,. 

BOL 

Again, if a globule and incrustation indicative of tin or antimony 
has been obtained in the blowpipe examination, hydrochloric, 
and not nitric acid, must be employed as the solvent of the 
compound, since soluble chlorides of the above-named metals 
will be thus produced, but with nitric acids the insoluble com- 
pounds, metastannic acid and antimonic anhydride. (See pp. 197, 
207.) 

Sulphuric acid is but rarely employed as a solvent ; for when in 
the concentrated form, it is somewhat unmanageable, and when 
dilute, it is not so advantageous as nitric or hydrochloric acid. 

A mixture of nitric and hydrochloric acids is seldom used. It 
is, however, the common solvent for certain alloys, and for the 
metals platinum and gold. 

It may be remarked that in most cases it is well to act with 
as small a quantity as possible of a tolerably strong add, and, 
after boiling the substance with it, to dilute with water and re- 
peat the ebullition ; for many of the salts formed by the action 
of acids under these circumstances are easily soluble in dilute, 
although insoluble in strong adds : take the following instance — 

Pb,C0,4-2HN0,=2PbN0,+H30+C0, ; 

carb. of lead, nitrate of lotd, 

insol. in water. insol. in strong add. 

the nitrate of lead here formed would remain as a white crystal- 
line powder in the presence of excess of strong nitric acid, but 
on the addition of .water would dissolve. 

But there exist substances insoluble in water and all acids, or 
which, if soluble in hot concentrated acids, are immediately pre- 
dpitated on dilution with water or cooling. All such substances 
require a spedal treatment to bring them into a condition fit for 

s5 
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analysis. The following are some of the more nsoal bodies of 
this class, arranged under their respective basic radicals : — 

Sn as stannic oxide, Sn^O,. 

Ag as chloride, bromide, or iodide. 

Fe, Or, Al as sesqnioxides. 

Sb as antimoniate of antimony, Sb^O^. 

Pb as sulphate. 

Ba, Sr, Ca as fluorides and sulphates. 

Almost all basic radicals as silicates. 

To obtain these salts in a soluble form, it is necessary to mix the 
dry substance with five or six times its weight of Na^COj-f-KaCO, ; 
and to fuse the mixture on a fragment of porcelain, or, better, on 
a piece of platinum* foil for about ten minutes. If the body \a 
a silicate, it should be fused with hydrate of barium in a silver* 
crucible at a low temperature. 

The Vision described in the preceding paragraph may produce 
several results. 

1^. It may produce a double decomposition, and transference 
of the acid-radical — 

Ba^ S0,+Na,C03=Na^ S0^4-Ba,C0,. 
insoLinBLO m8ol.mH2 0, 

and in acida. bat boL in adds. 

In this case we simply treat the fused mass with cold water, 
washing the residual Ba^CO, perfectly free from soluble salts, 
and then dissolving it in dilute HCl. 

2?, One of the salts produced in the decomposition may be 
itself decomposed — 

2AgCH-Na,C0,=2NaCl+2Ag+0+C0,. 
inBol. in water boI. in 

and nitric add. nitric add. 

The fused mass is treated as in 1^ ; but the residue is dissolved 
in dnute Hl^O,. 

3^. The body may be unchanged in composition, but rendered 
soluble in acids — 

* PreviouB to the employment of platinum or silTer veesels, the absenoe 
of redodble metals in the substance under examination must be aaoertained. 
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(Fe,),0.+Na,CO,-(Fe,),0,+Na,CO,. 

igmted oxidoi soluble in 

insol. in adds. addft. 

The mass is treated as in 1®. 

4*^. The body yields an acid-radical, and unites with the sodium 
or potassium present — 

8n,0^-hNa,C0,=Na^ Sn^O.+CO^. 

In this case the fiised mass will entirely dissolve in water : the 
aqueous solution must be acidified with HCl, and H, 8 passed ; 
in fact, the proper group-test for Sn must be applied. In the 
case of the compoimd Sb^O^ the actions 1^ and 4® will occur 
together. 

As a general rule, the nature of the salt-radical in union with 
the base is perfectly immaterial, the cases being quite exceptional 
in which it affects the action of the tests employed. 

1. Many organic acid-radicals, howeyer, such as those of tar- 
taric and citric acids, entirely prevent the precipitation by hydrate 
of ammonium of certain metals, as aluminium, chromium, and 
iron, from solutions in which they ezist. In the cases where 
these acid bodies interfere (and we always have an indication of 
their presence by the salt blackening when its solution is evapo- 
rated to dryness, and the residue heated), it is better, if no vo- 
latile metal be present, to ignite the substance so as thoroughly 
to carbonize it, to redissolve by boiling in hydrochloric add, and 
to filter from the carbonaceous residue. In cases (as of poison- 
ing) in which a volatile metal, as mercury or arsenic, is mixed 
with organic acids or organic matter which obstruct the occur- 
rence of the reactions, it is usual to destroy the organic matter 
by the powerful oxidizing agents, nitric acid or hydrochloric acid 
with chlorate of potassium, which converting the carbon into 
carbonic anhydride, and the hydrogen into water, break up the 
constitution of the organic matter. 

2. Another class of saline compotmds requires peculiar treat- 
ment also; it is the large class of cyanogen compounds — ^the 
cyanides, ferrocyanides, ferricyanides, and sulphocyanides. These 
salts, if dissolved in adds, behave frequentiy in so peculiar a 
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manner with reagents, aa to inTolve the analyst in endiees per- 
plexity. It ia better to decompose them at once by boiling them 
with hydrate of potaasinm solntion to which a little carbonate of 
sodium has been added, in case of the presence of metals be- 
longing to the second subdiviedon. The first solution thus ob- 
tained should be poured off the residue, which latter should then 
be boiled twice or thrice with the same reagents as at first. The 
substance left should be washed with water, and dissolTod in add. 
The decompositions in this process are extremely simple ; Pms* 
sian blue (the ferric ferrocyanide) may be taken as an instance—- 
(FeJ,Cfy,+6KHO=3K,Cfy+(Fe,),0,-|.3H:,0. 
3. There is yet a third class of salts which may peiplex the 
student, viz. such as, being insoluble in water, dissolve in acids 
without decomposition, and are repredpitated in their original 
form when the acid is removed by neutralization. Thus, when 
phosphate of calcium is dissolved by hydrochloric or nitric acid, 
we have at least 2 saturating eqs. of acid-radical to every eq. of 
caldum present ; and in all such cases we cannot tell with cer- 
tainty with which radical the metal is combined. The salt may 
be simply dissolved ; or a double decompodtion may have taken 
place, thus — 

Ca, HPO, + 2HN03S= H, PO, + 2CaN0,. 
At all events, no sooner is the add removed by neutralization, 
than the elements originally in combination appear as a precipi- 
tate of the original salt. Thus, if simple solution occurs, the 
re8U)tion may be given thus — 

Ca, HPO,-f 2HNO,+2NH, HO=Ca, HP0,+2NH, N03+2H,0; 

in solution. repredpitated. 

while, if a double decompodtion is believed to take place, the 
equation will be as follows : — 
H3 PO, + 2CaN0, + 2NH, HO «Ca, HPO, + 2NH, NO, 4- 2H,0. 

repredpitated. 

In the ordinary process of analysis, these salts therefore are 
predpitated as soon as the acid solution is rendered neutral ; and 
by a reference to the Tables which follow, this condition of things 
will be found to occur at the precipitation of Group III. in the 
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analytical arrangement of the metals. Consequently the preci- 
pitate which shonld contain only the hydrates of iron, chromium, 
and aluminium, may include all the insoluhle salts of the kind 
just described which may be present in the solution. In the 
Tables for Group III., the influence which they exert, and the 
mode of dealing with them, will be found described. 

Thus we have endeavoured to point out the various means at 
our disposal for ofEecting the solution of a salt previous to its 
analysis ; we now proceed to the plan of analysis. 

GENEBAL TABLE SHOWINa THE APPLICATION OF GROUP- 
TESTS. 



To the solution add dilute HCl in excess, and warm gently. 



Apred- 

pitatein- 

fucatesthe 

presenoe of 

Pb, 



^. 



If no precipitate occurs, pass excess of H,S through the 
solution, and warm gently. 



Examine by 

Table for 

Gboup I. 



A preci- 
pitate in- 
mcates the 
presence of 
Hg, 8n, 
Pb,Sb, 
Bi,As, 
Cu,Pt, 
Cd,Au, 
Pd. 
Examine by 
Table for 
Gktoup n. 



If no precipitate occurs, boil the solution to 
expel HjjS, add a little HNO, to peroxidize the 
Fe, boil again, evaporate to perfect dryness, ig- 
nite, redissolye in HCl ; then add some quantity 
of NH^Cl solution, and lastly excess of Im^HO. 



A preci- 
pitate in- 
mcates the 
presence of 

Tlr, 

Al, 

Fe, 

Cr. 

Examine by 

Table for 

Gboup III. 



If no precipitate occurs, 
(NH^)^S in small quantity. 



add 



A preci- 
pitate in- 
dicates the 
presenoe of 
Zn, 
Ni, 
Co, 
Mn. 
Examine by 
Table for 
Group 
III. a. 



If no precipitate oc- 
curs, boil off the (SliXS, 
filter if necessary m>m 
precipitate of S, add 
NH^Cl and (NHJaCO,, 
and warm. 



A preci- 
pitate in- 
dicates the 
presence of 
Ba, 
Sr, 
Ca. 
Examine by 
Table for 
Geoup IV. 



If no pre- 
cipitate 
occurs, the 

solution 
may contain 

NH^ 

Mg, 

K, 

Na. 
Examine by 



Table for 
Gboup V. 
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The student haying now ascertained to which gronp the basic 
radical of the simple salt under examination belongs, must pro* 
ceed to discover which member of the group is present. The 
groups above given are almost identical with the subdivisions of 
the basic radicals described in Part I., the chief differences being 
the reversion of their order, and the division of the hydrosulphuiic 
acid (Subdivision lY.) and sulphide of ammonium (Subdivision 
lU.) groups respectively into two. The reason for reversing 
the order is obvious — ^it being far easier to separate at first those 
bodies which form the larger number of insoluble compounds, 
whilst, in the study of the reactions, it is simpler to begin with 
those bodies which yield the smallest number of insoluble salts. 

The student may now proceed to examine the precipitates be- 
longing to the various groups, somewhat according to the fol- 
lowing Tables, in each case referring to the reactions given in 
Chapter VI. for confirmatory tests. 

TABLE FOE aROUP I. 



The precipitate produced by hydrochloric add may contain 
PbCl, AgCl, or Hg^CL Ck>llect on a filter, transfer the precipitate 
to a large test-tube, and heat with much water: if it entirely 
dissolves, 



the solution 
will contain 

PbCL 
The presence 
of lead must 
be confirmed 
by the addi- 
tion of 

H,SO: 

a white 

precipitate of 

Pb,SO^ 

indicatoB 

Pb. 



If a residue is left (it may be either AflCl or Hg,Cl), 
collect on a filter, remove to a test-tube, add NH^HO and 
warm : if the residue dissolves entirely, 



the solution will contain 

AgCl. 
The presence of silver must 
be confirmed by the addi- 
tion of slight excess of 
HNO, ; an msoluble white 
precipitate indicates 

Ag. 



If a black residue is leffc^ it 
will consist of 
_ (HgAO. 

The presence of mercuir must 
be confirmed by oollecbng the 
precipitate, dr^g it at 100^ 
C., and mixing it with Na^CO, 
and heating in a bulb-tube 
(see p. 169) ; a sublimate of | 
grey globules indicates 

Hg. 
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TABLB FOB GBOUP H. 



The precipitate produoed by hydrosulphurio tad may be Hg.S, Bi^Si, 
Pb,S, OulS, CdaS, PcL,S, Sn^S, Sa,8., SbA, SbJS^, A&^% Aafi^ 
*PLSa, ^Au^S,, or S (if a ferric salt or cnromate were present). 

Oouect on a filter, transfer to a test-tube, and boil with (I«H4)2S for 
fiye minutes : if a residue remains, it indicates — 



if brown or black, the presence of 
Hg^S, Pb,S, BijSa, Cu^S, or PdLS ; 
if yellow, of Cd^S (presence of Cd)* 
Wash the brown or black pre- 
cipitate free from HCl, and boil 
inHNO,. 



A residue 

will be a 

trace of 

Pb,S, 

or will 

consist of 

Connrm 

(p. 169) 

the presence 

of 



If the precipitate 

entirely diBsoiyes, add 

excess of NH^HO. 



A preci- 
pitate 
formed 
and not 
redisBolyed, 
will 
indicate 

BL 



If the so- 
lution is 
blue, it 
indicates 
the pre- 
sence of 

Cu; 

if colour- 
less, it 

oontaina 
Pda. 

AddH,S: 

a brown 
precipitate 

indicates 

Pd. 



If the precipitate entirely dissolyes, 
Sn, Sb, or As must be sought for. 

Add slight excess of HCl and some 
H»S water; collect the precipitated 
sulphide on a filter, wash, and dry it 
at 100° C. Mix the dried precipitate 
with ENGL and 1S\C0^, and fuse 
in a crucible. Digest the ftised mass 
with cold water, neutralize exactly 
with HNO.: complete solution of 
the mass indicates 



the pre- 
sence of 

K,HAbO.. 

Confirm by 
adding 
AgNO,: 
a preci- 
pitate of 
Ag^AsO^ 
indicates 

Ab. 



If a residue and preci- 
pitate exists collect and 
wash both, dry, mix with 
XC^, and fuse in ajpor- 
cel^ crucible. Wash 
the metallic lobules or 
powder, boil them with 
HNO3, wash the white 
residue with water, and 

then digest it in H,T so- 
lution: if entirely dis- 
solyed, it indicates 



the presence 

ofHSbO,. 

AddHaS:an 

orange pre- 

dpitiSe 

indicates 

Sb. 



If a residue 

exists, it 

consists of 

SlL 



* A separate examination must be made for platinum and gold, according 
to the plan giyen on page 2i5. 
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TABLE FOB OBOUP HI. 




will hare been dntrojed by ignitioii ; and the borates do not oocor. 

It will be mificient to aaoertain the preeenoe of the phosphoric radical 
by disBolrinc a small portion of ibe precipitate in the least possible 
quantity of ailnte HNO, in a watdi-g^ass, aading a tnce of liR^B.O^ to 
neutralize as far as possible the excess of HNO, without repredpitating 
the salt diasolyed, and then introducing a few drops of AgNO,: the 
presence of H^PO^ is ascertained by the immediate precipitate of the 
yeUow AgjPO,. 

The mass ot the precipitate is then treated with aeaguicarbana^ of am- 
monium in the cold : complete solution indicates 



the presence of 
UrjHjO,. Eva- 

n be to dryness ; 
lye the yellow 

residue in HA^ 

andaddK^Cfy: 

a brownish red 

precipitate or 
colour indicates 

Ur. 



If a residue is left, it is to be examined for Fe, Cr, 
or Al. 

ISoil for Sre minutes with ^O, to separate Ba, 
Sr, and Ca as oxalates ; filter, allow to cool, and add 
excess of KHO. 



A red or buff preci- 
pitate COIuistB 01 

Fe^HjO, orFcaPO^. 
Confirm the presence 
of iron by dissolying 

the precipitate in HA, 
and adding ^fifj : a 
blue precipitate indi- 
cates 

Fe. 



Perfect solution indicates the 
presence of the chromic or 
aluminic hydrate or phosphate. 

Boil the solution. 



precipitate 
will be 

(Cr^),0 
Confirm by 

fusion with 

borax 



green bead 
indicates 

Cr. 



If no precipitate 
occurs, the eola- 
tion will contain 
ALH.Oy Add 
NH^Cliawhite 
precipitates 
indicates 

AL 
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TABLE FOB GBOUP HI. a. 



The precipitate prodaoed by sulphide of ammonium may be Zn^S, 
MnJ3, Ni,8, or Co^^. 

Dinolye it in oonoentrated HCl, adding one or two drops of concen- 
trated HNO. when boiling. To the solution add excess of KTTO. Perfect 
solution indicates 



the presence 

of Zn^ : 
addH^Sto 
the solution, 
a white pre- 
cipitate of 



Zn^ indicates 



A precipitate of a flesh colour consists of Mn^S ; a black 
precipitate, of Ni,S or Co^S. _ 

Dissolye in concentrated HOI, add excess of KA, and 
pass HgS gas : the non-formation of a precipitate indicates 



Zn. 



the presence of 
Mn^D. Confirm 

by the addition of 
NH.HO, which 

will form NH.HS, 
and give a flesh- 
coloured or buff 
precipitate of 

Mji^S, indicating 

Mn. 



The occurrence of a precipitate proTCS 
the existence of Ni^S, or Coj^S. 

Dissolve in concentrated HCl; add 
one drop of concentrated HNO, when 
boiling, then ECy in excess. Boil the 
solution, and adaify with dilute HCl : 
a precipitate indicates 



the presence of 
nickel, which must 

be confirmed by 

fusion with borax : 

a red-brown bead 

indicates 



The absence of a pre- 
cipitate indicates 
cobalt, the presence 
of which must be 
confirmed by eva- 
porating the solution 

to diyness, and 
fusing a portion of 

the residue with 

borax: a blue bead 

indicates 

Co. 



TABLE FOB GBOUP IV. 



The TOscipitate produced by carbonate of ammonium, in the presence 
of NH4HO and NH4CI, may be Ba.^CO,, Sr^O,, or Ca^COa. 

Dissolve in the smallest quantity of duute HCl, add KCrO, in solution : 
the formation of a precipitate, after the lapse of a few Tninnfawi, indicates 



the presence of 

Ba. 



The absence of any precipitate indicates the presence 
of strontium or calcium. 

Divide the solution into two parts, dilute it with a 
small quantity of water. 



1. 
Add a saturated solution of 



2. 
If no precipitate occurs in 1. 



Ca^SO^ : a precipitate, after aft»r fifteen minutes standing. 



standi lIW minate., 
indicates 

Sr. 



add to 2. (NH^JjO : a white 
precipitate indicates 

Ca. 
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TABUB FOB GROUP T. 



If the Taiioua group-tests have produoed no precipitate in the wdatKm 
under examination, either NH^, Mg, K, or Na is present Of these basic 
radicals, NH4 will have been already detected in ihe preliminary examina- 
tion (^. 391). 

Divide the solution into two portions, one being thrioe the balk of 
the other. 



1. 

To the smaller portion add 

Na.HPO. and NH^HO, agitato 

wed, ana allow to stand some 

time : a white crystalline predpi- 

tato indicates 



2. 
Evaporate the larger portion to 
dryness, ignite and test a small por- 
tion of the residue before the bfow- 
pipe : a yellow colour imparted to the 
name indicates 

Ka. 

The remainder of the residue ia to 
be dissolved in water, and then HCl 
and HPtd, added: a yellow crystel- 
line precipitate indicates 



I 



I 



Having now considered the method of detecting the basic 
radical in a simple salt, we proceed to give the details of — 

Sbction U. — The examination far the a/dd constituent. 

The student must have already perceiyed that, although com" 
pound basic radicals are extremely rare, the eon^und add- 
radicals which occur in the course of analysis are very numerous. 
The latter bodies, though easily detected if they yield character- 
istic products of decomposition, are, however, in many cases re- 
cognized with great difficulty, particularly when of veiy great 
complexity. The recognition of the basic radicals by means of 
the blowpipe is comparatively easy, because in the majority of 
cases the acid-radical of the salt is expelled, or its basic consti- 
tuent is left in combination with oxygen only as an oxide, the 
characters of which are easily recognized ; but when we wish to 
detect the acid-radical present by the same means, the ready 
decomposability of the latter forms an insuperable obstacle. 

We have, however, at our disposal a method of Preliminary 
Examination which is of the greatest service in enabling ns to 
form an idea concerning the nature of the acid-radical present, 
and occasionally, indeed, affording us decisive proof of its exist- 
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ence. One of the reactions thus employed consists in the de- 
composing influence which concentrated sulphuric acid exerts 
upon almost all saline combinations. The sulphuric radical 
unites with the basic constituent of the salt to form a sulphate, 
while the acid-radical in the substance either unites with the 
hydrogen to form a new acid which is liberated, or else splits up 
into characteristic products of decomposition. Whichever result 
takes place, its occurrence generally affords sufficient evidence of 
the nature of the acid constituent originally present. 

In addition to the experiment with concentrated sulphuric 
acid, decisive information concerning the nature of the acid- 
radical present in the substance under examination may offcen be 
obtained by gently warming the substance, or its solution, with 
dUttU hydrochloric acid. All concentrated acids, particularly 
concentrated nitric and hydrochloric, when heated, themselves 
evolve pungent vapours, which mask the otherwise characteristic 
odour of the newly liberated acid. 

In observing the action of sulphuric or hydrochloric acid upon 
a salt, it must be borne in mind that the nature of the basic 
radical present greatly influences the reaction. Thus the salts 
containing basic radicals of the first and second subdivisions 
united with weak acid-radicals, or with acid-radicals the hydro- 
gen salts of which are gaseous at ordinary temperatures, are 
much more readily decomposed by strong acids than are the salts 
of other subdivisions. 

To take an example of this difference m the behaviour of salts. Nad or 
Bad is iniBtantly deoompoaed by the addition of H^ 80^, the Hd escaping 
with efferveeoenoe, — ^while Agd ia not acted upon. K^ S or Ga^ S is deoom- 
posed in a aimilarl j rapid manner by Hd even when dilute, while Fe, S 
is but slowly acted upon, and Pb, S remains wholly intact. The varying 
solubiUty of the different compounds doubtless here influences the play of 
aiSniUes. Carbonates and sulphites, the acids of which split, as soon as 
liberated, into water and carbonic and sulphurous anhydrides, are decom- 
posed, perhaps without exception, even by weak acids, whatever msy be the 
solubility of the individual salt operated on ; but here it is obviouB Uiat the 
decidedly gaseous character of the chief product of the action must exert a 
powerful influence in determining the decompodtton. 
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Prdiminary examinaticn for the detection of the acid-radical. 



SXPSUXBHT. 



Heat the rabatance in a 
tobe open at both enda, and 
held obliqael7 (flg. IS). 

Rg. IS. A 




Add to the solid lalt, or ita 
aqueous solution, in a test- 
tune, dilute HCl, or dilute 
H^04. 



Add to the solid salt, or 
its aqueous solution, in a 
test-tube, ooncentr. HgSO^; 
boil for some minutes. 



OBSERVATION. 



1. Odour of burning sulphur 

at A. 
S. Drops of liquid, neutral 

to test-p^per, condense 

about B. 
S. The subetanee carbon- 

iiea, with odour of burnt 

sugar. 
4. The substance earbon- 

iies, with odour of burnt 

feathers, 
ft. Substance dian^ co- 
lour, r^aining its flnt 

tint on cooling. 
0. Tellow sublimate at B. 



7* Bed sublimate at B. 
8. ETolution of red fumes. 



1. Effenreacence in the cold, 
gases of characteristic 
odours being erolred. 

9. Occ u rrence of peculiar 
odour, without efferrea- 
cence. 

a. No blackening occurs. 
1. Crystals separate. 

S. The liquid effervesces, 
pungent gases being 
eToWed. 



3. Evolution of COs and CO. 

4. Evolution of CL 

ft. Evolution of CI, together 
with pecuUar crackling 
ezploMon. 

0. Evolution of O. 

7. Evolution of gas which 
etches glass. 

B. Evolution of red vapours. 



fi. The substance blackens. 

1. Evolution of violet va- 
pours. 

S. Evolution of CO, with 
odour of burnt sugar. 

S. No evolution of CO or 
peculiar odour. 



IlfrXRKNCK. 



1. Presence of a anlphide, 

free S. 
1. Preeenee of a hrdrate, 

water of OTatsiliaatioi 

3. Presence of M^T. 



4. Presence of Mf U. 



ice ot OK* 



5. Probable 
ides<v 



0. Presence of a volatile or 

other sulphide, or of 
nee S. 

7< Presence ef Hg^ 8. 

8. Presence of certain ni- 
trates. 

1. Presence of MGyO, 

M^CO,, M, SO^, or aul- 

S hides and cvanidea of 
lubdivisions I. and II. 

S. Presence of MA, ceilaln 
CTanides, sulphides, ae- 
lenides, and sulphitfeB. 



1. Presence of MBoOtiMBa, 

or MjS. 

S. Presence of If A, UKO^ 
MNOi, H«CO.. l[«SO., 
MCyiJ, and freqnentfy 
MCI, MBr, Ml, MP. 
MCy, M,S, or M^. 

S. Presence of M,C,0^ 

4. Presence of MClO, or 
MClOs. 

ft. Presence of MdOj. 



6. Presence of MCrO^. 

7. Presence of MF. 

8. Presence of MBr, or 

MNO,. 



1. Presence of Ml. 

S. Presence of tartratea or 

citrates. 
S. Presence of gaUatas or 

tannatea. 



Many acid-radicals being by no means distinctly recognized by 
analysis in the wet way, it will be well for the student to follow 
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up the evidence he has elicited by the foregoing preliminary 
examination, by testing specially for vaiions acid-radicals before 
undertaking the actual analysis. 

SPECIAL TESTS. 

Any suspicion of the presence of Chloriiie may be followed by 
direct testing (with H, SO^ and Mn^O,) of the original substance 
(seep. 255); of Bromiiie, by the starch test (see p. 259); Iodine, 
by the starch test (see p. 263) ; Fluorine^ by the etching test 
(see p. 265) ; the HypocblorouB radical, by the lead test (see 
p. 268) ; the Chloric radical, by the action of concentrated 
H, 80^ (see p. 269) ; Sulphur, by its odour, blue flame, and 
coloured salts ; Selenium, by its horse-radish odour (see p. 286) ; 
Sulpho^^anogen, by ebullition with HNO, (see p. 343) ; the 
Sulphurous radical, by the odour and action on H, S, of SO, the 
product of its decomposition (see p. 293) ; the Carbonic radical, 
by the action on BaHO solution of CO,, the product of its de- 
composition; QyaiLOgen, by passing the vaporized acid, which 
bums with a blue flame, into a test-tube containing a drop of 
kh O solution, dividing the solution of XCy thus obtained into 
' two parts, and applying to one the Prussian- blue, and to the 
other the sulphocyanide test (see p. 342) ; the Acetic radical, by 
the acetic-ether test (see p. 350) ; the Nitric radical, by mixing 
with a fresh portion of the strong solution of the substance an 
equal bulk of concentrated H, 80^, cooling the mixture, and then 
dropping in a crystal of FeSO^ — on standing quietly for some 
seconds, a brown halo will appear. 

We may remind the student that every result obtained in the 
above preliminary examination should be as carefully recorded as 
those observed in the examination for basic radicals. It is, in- 
deed, more necessary to do this in the present case, since the 
detection and distinction of acid-radicals is more dependent on 
the preliminary analysis and the special testings consequent 
thereon, than is the recognition of the basic radicals, previously 
treated of. 
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ACTUAL ASALYBia FOB THE DETECTION OF ONE ACTD-RABICAL. 

Attention to seyeral points connected with this branch of the 
analysis of a salt is necessary to ensure success ; and — 

1. With regard to the solution of the substance under exami- 
nation. If it dissolve in water, one great source of difficulty is 
evaded ; but if not, it becomes a question in what aoid it shall 
be dissolved. To the use of HCl is presented a great objection — 
that it produces a dense precipitate with AgNO^, which is one of 
the principal reagents employed in the detection of acid-radicals. 
To the adoption, on the other hand, of HNO, as the solvent for 
salts insoluble in water, a scarcely diminished objection exists ; 
for with many complex acids, if employed in sufficient strength 
to dissolve the salt, it oxidizes, and thus completely changes, the 
acid-radical. H, SO^ too is rejected, because, if concentrated, it 
acts powerfully as an oxidizer, and even when dilute it produces 
precipitates with BaCl and CaCl, two reagents frequently em- 
ployed in this course of analysis. Other acids, such as HE, HA, 
H^O, &c., are either too energetic, too weak, or too rare to be 
employed; or else they form insoluble salts with the reagents 
used ; or, lastiy, by their often complex constitution or ready 
decomposability they increase the difficulties of the analysis. 
Thus something may be urged against the use of each solvent 
acid ; and the student must bear in mind the evils and advantages 
which attach to each, and use his judgment in all cases, by em- 
ploying that solvent to which the fewest objections are attached. 
It is well that he should early learn that no strict rule can be 
laid down for his guidance in chemical analysis, and that this 
science demands of its practiser not only his whole manual skill, 
but also his best mental faculties. On the whole, the best acid 
solvent for general use is dilute HNO^ ; in this form the acid does 
does not oxidize very rapidly, and has the immense advantage 
over most others, of not forming any insoluble salts. The salts 
of organic acid-radicals should not be boiled, but only heated 
gentiy with this acid. In addition to dilute HNO,, HCl, con- 
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centrated KNO,^ and HA are adyantageously employed in many 
special instances. 

2. It will be seen presently that the method already adyerted 
to in the detection of basic radicals may be employed for the 
recognition of the acid-radical also, in the analysis of salts in- 
solnble in water. We aUnde to the mode mentioned (p. 395, § 2.) 
in which the decomposition is effected, and a solnble salt of the 
acid-radical thns obtained, by boiling the insolnble salt with a 
solution of NaHO or EHO. This method is frequently applicable 
where the attempt to make an acid solution would fail, and is 
especially used in the examination of cyanides, ferrocyanides, 
&c. The solid salt boiled with a concentrated solution of KILO, 
to which a little Na^CO, has been added in order to precipitate 
any metal of Subdiyision 11. present as a carbonate, gives the 
following result : — 

KiOy+KHO=K(>+NiHO ; 

an inatrf. a tol. ppt. 

eyaaide. cjanide. 

2CaKCfy+l!fa5 CO,=K,^Cfy 4-N«a Cfy +Ca^ CO,. 
an insolnble acAnole fcRo^amdca. pBeoplCate. 

ttitocy anido. 

This mode of decomposition may be very advantageously em- 
ployed in the case of salts containing a complex acid-radical 
liable to decomposition if treated with HNO,. It is better to 
boil such salts with Na,CO„ and not with the more powerfol 
KHO. NaCO,, too, is an agent which almost invariably pro- 
duces an insoluble precipitate : for nearly all carbonates are in- 
soluble in neutral solutions ; and in most other cases where an 
insoluble carbonate is not produced, an equally insoluble hydrate 
is the result, thus — 

MnjC„0^+Na, 003=^82 C..O^+Ma,COa. 
an imofuble a solaDle precipitate. 

ozalaCe. oxalate. 

2Ba, C, H, O^+SNaj 00,=2Na3 C, H, O^+SBaj CO,. 

an ineolttble citrate. a loluble dtrate. precipitate. 

By such means we obtain a soluble in the place of an insolvhU 
salt of the acid-radical we wish to detect : nor is this the only 
object attained ; we have an aJkaline salt, i. e, a salt containing 
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a metal belonging to the first sobdiyision. And this &et brings 
VLB to the consideration of a point of great consequence, viz. — 

THE ABSEHCE OF ALL BASIC BADICAIS EXCEPT POTASSinC AHB SODIUM. 

It has been already stated that the presence of add-radicals 
often interferes most materially with the detection of the basic 
constituent of a salt ; the converse of this statem^it is tme in 
even a more extended sense. The presence of metallic radicals 
other than potassium or sodium is found extremely inconvenient, 
chiefly on account of the insoluble salts which they form by 
union with the add-radicals of the salts added as reagents or 
tests. Ammonium indeed should, as a general rule, be excluded, 
on account of the interference which its salts (e.g. NH^Cl, 
NH^ NO,, and [NH^]j 80^) frequently exert by their solvent action 
on other saline combinations. Thus the borates and phosphates, 
the citrates and tartrates of barium and calcium (salts character- 
istic of their respective acid-radicals) are held in solution when 
reagents appropriate for their formation are added, if a salt of 
ammonium also be present in the liquid. It must, however, be 
stated here, that stable ammoniiun salts (NH^ HO and [NH^],CO, 
being thus excepted) do not inferfere with the action of two 
frequently employed reagents, via. AgNO, and Fe^Cl,. 

The separation of the original basic constituent of a salt is 
sometimes veiy difficult, and in other cases very easy of accom- 
plishment. 

1. K the salt is soluble in water, and the basic constituent 
belongs to Subdivision I., no such separation is needed, except in 
the special cases just mentioned, where the radicals of borates, 
phosphates, and organic salts are present, and we iatend to em- 
ploy BaCl or Cad as a test ; then, if ammonium be the base, it 
must be removed. This is accomplished by adding to the so- 
lution some KHO, and boiling the liquid until the addition 
of a few drops more of the alkali no longer produces an odour 

of NH3. 

2. If the salt iB soluble in water, and contains for its basic 
constituent a member of Subdivision 11., it may be immediately 
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conyerted to the lequifiite condition of a suitable alkaline salt by 
boiling its solution with a solution of Na,CO, : 

2BaBr+Na,CO,=2NaBr+BaaCO,. 

3. If the salt contains a member of Subdivision II. as its basic 
radical, but is insoluble in water though soluble in acids, the 
treatment with Na^GO, may be employed. Care must, however, 
be taken to add a quantity of Na^CO, sufficient not only to neu- 
tralize the add employed as solvent, but also to effect the decom- 
position of the original salt. If this precaution be not observed, 
the reagent will simply neutralize the solvent acid, and repreci- 
pitate the original salt, thus — 

Ba, R-|-2HNO,+Na,C03=Ba^ R-|-2NaNO,-hH,C03 ; 

salt 8ol. in acid repredpi- "^ v " 

acid only, solyent. tated siut. solution. 

the search for the desired salt (Na, E) in the solution will there- 
fore in this case fail. But if enough Na^CO, has been added, the 
reaction is as follows : — 

BajE+2HNO,+2NasCO,=Na»R+2NaNO,+H,CO,+BaaCO„ 

where the desired salt (Na, K) is obtained. In these experiments 
the smallest possible quantity of acid solvent should be used. 

Moreover, in certain instances where Na^QP, does not effect 
a rapid decomposition of the salt («.^. BaGrOj, Ba^HPO^), it is 
weU to filter off the precipitate first formed, and to boil it with 
a &esh portion of Na^CO,. 

4. These observations and methods of treatment apply also 
generally to all salts, whatever basic radicals they contain, pro- 
vided that their add constituent is not a complex organic radical 
containing C,H, and 0, <yr C,H,N, and 0. 

5. But when we try to decompose salts containing the me- 
tallic radicals of the third and fourth subdivisions united with a 
complex organic constituent, we find that complete decompo- 
sition is not effected, that a perfect predpitation of the basic 
radical as carbonate is not made, but that in the filtrate the 
add-radical to be detected exists in combination partly with Na, 
and partly with the original bade radical. Nor can this latter 
be removed by suocesdve repetitions of the process; here the 

T 
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analyst must use his judgment and the knowledge previously ac- 
quired. These organic radicals do not allow of the perfect pre- 
cipitation of many bases belonging to the third and fourth sub- 
divisions by any reagents except certain combinations of sulphur 
(H, S or NH^ HS). Some of the sulphides thus formed are, it 
wiU be remembered, soluble in alkaline solntions, some in acids, 
while others are soluble in none of these reagents. The method 
of separation must therefore be adapted to the nature of the 
basic constituent present, which the student wiU have already 
recognized. If the sulphide of the radical be insoluble in acids, 
it is better to make a solution of the salt in HNO, as dilnte as 
possible, and to pass H, S through the acid solution tiU no more 
precipitate is formed. The sulphide should then be removed by 
filtration, and the residual H, S expelled by gently warming the 
filtrate. The solution thus treated may then be immediately 
tested for acid-radicals. Should the sulphide of the radical in 
the salt be soluble in acids, but insoluble in alkaline solutions, 
H^S is to be passed into the solution obtained by boiling the 
original salt with Na^CO, (this plan is better, though longer, 
than adding NH^ HS) ; thus the removal of the small quantity 
of metallic radical retained in the alkaline solution is efiected. 
Having filtered off the precipitate thus formed, the student must 
acidify the filtrate with dilute HNO,, to decompose the NaHS 
present, and then gently warm the solution, to expel H, 8. 

By the means just described, or by a combination of them, 
add-radicals may be separated from their original saline com- 
binations, and obtained in the form of an alkaline salt, the base 
of which will not interfere with the effects produced by the re- 
agents employed. 

We now proceed to the method of testing the solution for 
add-radicals — ^the actual analysis. But first it may be useful 
to give a list of the acids whose salts we may expect to be pre- 
sent, distinguishing by smaU type those which are of rarer oc- 
currence. These, when they occur, are often reduced to simpler 
forms, or eko are separated, in the preparation of the solution. 
They generally require for their recognition the employment of 
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the special tests detailed in Chapter YII., although evidence of 
their existence is occasionally obtained in the preliminary exa- 
minaticm. for the acid constituent (which see) : — 

SubdiTision 1.—RCI, HBr, HI, HF ; HCIO, HCIO,, Hao„ 

HBrOg, mOy HIO4. HPtCl,, &c. 
Subdivision 11.— H,0, H,S, H^Se, H,Te; H,BO„ H,SO„ 
H^SeO,, HjfleO^, H,TeO„ H^TeO^; HCrO,, HWO,, HMoO,. 
HVOj. 
Subdivision in.—H,SiaF,; H,CO„ H^C^O,, HBoO„_HSiO, ; 
HCy, HCyO, HCyS, H^Cfy, HjCfdy. H,Cooy; HA, HBz, 

h,l; h,s; h,t, H3&, s^a, m,^% h,u. 

Subdivision IV. — HNO,, HNO,, H,POa, H,PO„ H,PO„ 
H,As,0„ HjAsO,. 

Of these add-radicals, some, as has been previously ojbserved, 
can be detected in the preliminary examination, or by tests 
based upon the results of that examination. These are the 
radicals the acids of which are represented by the formulae 
HaO, HCaO,; H,S, H,Se, H^SOg; HCyO and HNO3. Some 
radicals, again, though found in analysing by the moiut way, are 
best detected in the previous examination : the acids of these 
radicals are Hd, HBr, HI, HE, HCy, and HA. 

From the solution prepared as above directed, the original basic 
radical has been separated ; CO, has also been expelled by a gentle 
heat applied to the hquid after it has been slightly acidiiied with 
dilute HNO3* : this expulsion of the CO, is necessary, for its pre- 
sence in the liquid would falsify the results. The next step should 
be to exclude another dass of metallic acids : they may all be 
removed by the passage of H, S through the liquid ; but if this 
has been already done, it need not be here repeated. The H, S 
gas is passed through the solution, which has been veiy slightly 
acidified with HNO3. By this means we remove the radicals f 

* Unless the Bolution be very dilute, and the nitric acid rery weak, 
HBi and H^S may be here precipitated, while H^tJ and H3 Qt will certainly 
separate. 

t Chromic add, and the other metaUio acids in general, are detected and 
separated among the basic radicals by their behayiour with H^S. 

t2 
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PtCl,, CrO„ Sn,0„ W0„ MoO^ V0„ As^O,, AsO^ ; we also con- 
vert BrO„ I0„ and 10^ into the types MBr and MI ; and if 
cyanogen componnds be present, they will generally be found 
to produce a sulphocyanide, while fenicyanogen is changed to 
ferrocyanogen : these facts must be borne in mind when test- 
ing. The H^S remaining in the liquid mnst now be removed by 
gently warming the solution placed in an evaporating dish. 

The list of radicals now existing as adds will be as foUows : — 

Subdivision I.— HCl, HBr, HI, HF. 

Subdivision n. — ^H^SO^, HaSeO^. 

Subdivision in.— H^Si^F,, H,C,0„ HBoO^, HSiO,; HCy (if 
not all expelled by warming the acid solution), HObj; 
HjCfy, HjCfdy, HjCocy; HA (if not all expelled), HS, 
and the other organic adds. 

Subdivision IV.— H, PO^. 
■ ^ No' really good plan of detecting and separating the various 
acids has been yet devised ; and the Tables we are about to give 
must not be deemed in any way faultless. More reUanoe must 
be placed on the preliminary examination and special testings, 
than upon the actual analysis. 

To detect, then, with more or less certainty, in a single salt, 
the radical of any one of the above-mentioned acids, we may 
employ the following plan : — 



DKraCTIOH or AdD-XABICAlA. 
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Actual analysis far the detection of the aad AmtttfuaU. 



To tbe Bolation add enseas of HNO,. 



A precipitate 

indicates the 

preaenoeof 

BoOa 

SiO, 

Bs 

S 
orl^. 

If the plan 
deKribedm the 

introductory , 
remarks hai been 
followed, the 

•baeneeof ft 

precipitate here 

mi^jht ftffiee front 

the i^renone 
■epftr ft tKm off the 
add by the edi- 
tion of dilute 



To tiie flolation add BaXO, 



A dense 
precipitate 

indicates 

the presence 

of 

sa 

a gelatinous 

precipitate 

indicates 



To the solution add 
slight excess of ^a^CO, . 
and warm. i 



To a fresh portion of 
the orig;inal solution, 
after careful nea tral- 
ixation with NH^HO, 
addFe^CI,. 



A preci- 
pitate in- 
dicates the 
presence of 

BoO, 
ffiO, 

T 

Ci 
orPO^. 
Examine bj 
TaUe for 
Group I. 






To the so- 
lution add 
HNO.and 

AgKO,. 

A preci- 
pitate indi- 
cates the 
presence of 

CI, Br, 

I,Cy, 

Csy.Cfy. 
orCfdj. 
Examinebj 
Table for 
G-EOUP n. 



A pTBCio 

pitate in- 
dicates the 
of 
Cfy 

Bs 

G 

orQ^ 



Aoolonred 
solution in- 
dicates ih^- 
of 
Csy 
A 
opCfdy. 



See Table for 
Gboup m. 



TABLE FOB GBOUP L 



The precipitate may 
BaBoO., op BaSiOj. 

To the solution add 
parts. 



be BaP, Ba^Si^,, Ba^O, Ba^T, BaaCi, Ba^PO,, 
dilate HQ, and then diTide the liquid into two 



L 

Eraporate to dry- 
ness, add HCl, intro- 
duce a slip of turmeric- 
paper. A brown co- 
louration indicates 

BoO, 

Tor the green-aloohol 
dame mar be obtained, 
see p. 329^ ; 

An insoluble residue 
indicates 

SiOa. 



If no results are obtained with I., boU tiie second 
portion with Na, CO, ; filter from the precipitate 

of Ba^CO^ fddify with HAJ and add CaCL 



A preci- 
pitate in- 
dicates 
For 



(also indi- 
cated in the 

Prelim. 

Exam.). 



The solution may contain CaBoO^, 

Ca^T, CajCi, or CajPO^. Divide 
into two (Muis. 



I. 


n. 


AddPe^CL. 


Boil the solution. 


A white 




precipitate 


A white 


Solution may 


indicates 


precipitate 


contain 


PO4. 


(Ca^a) 


Ca,T 




indicates 


(indic^;ed in 




a 


prelim, ex.). 
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TABLE FOB GBOITP H. 



The precipitate mar be AgCl, AgBr, Agl, AgQj, AgCey, Ag, Cfy, or 
Ag,Cfdj. Add NH^HO, and warm. 



A residue may be A^I, 
AgCsy, or AgJDfy. Boil it wil^ 
oonoentratod kAO and a frag- 
ment of ang ar; fi lter, neutralise 
with dilate JtLNO,, and diTide 
into two parts. 



3* 



I. 

Teat with HgCi, 
A scarlet pre- 
cipitate oiHgl 
indicates 
I. 



n. 

Test with 

Fe-Clj. 

Ared colouration 

indicates 

Cgy; 

a blue 
precipitate 



The solution maj contain AcGl, 
AgBr, (traces of Agl.) AgCy, A^^j. 

Add slight exoeas of dilute HNO, ; 
collect the precipitate, wash, diy, and 
ignite it in a porcelain cruciUa : the Cj 
compounds are thus almost entirsLT re- 
duoMl to the metellic state. Boil the 
residue in dilute HNO,. 



A residue may be 
A|01or AgBr. Wash; 
add a fragment of zino 
and a drop of dilute 
HgSO^; allow to stand 
a quarter of an hour, 
filter: to the filtrate 
(neutralized and then 
concentrated) apply the 
starch-test. An orange 
colour indicates 

Br; 

the absence of colour 
indicates 

a 

(to be confirmed as 
usual). 



The solution 
may contain 

ArfrO,. 

AddHCL A 

precipitate 

indicates the 

previous ejc- 

istenoeof 

Oyer 

Gfdy. 



TABLE FOR GROUP IH. 



The precipitate may be 

Fc^Cfy,, which is a blue ppt. and in- 
mcficates Cjy. 

Fe^B^ „ 6k^ „ Ba. 

Fe.G- „ blue black Q. 



Fe,Qt 



«» 



blue black Qt- 



The solution may oontein 

FejCsT^, which is a soluble *rednlt, 
andmdicates Csy. 

Fe^A- „ *br&wn red A. 
FeCfdy „ brown green Gfi3y< 



* These reds may be distinguished hy adding HgCl ; when the colour of 
Fe.^Csyg is discharged, and that of Fe^ remains. 
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CHAPTER III. 
ANALYSIS OF MIXED SALTS. 

In the recognition of the various basic and acid-radicals which 
may be present in a mixture of salts, the plans described in the 
following Tables are to be adopted, with, however, such modifi- 
cations as the preliminary examinations may suggest. To the 
methods of preliminary examination already given (see pp. 391, 
404) recourse must again be had ; indeed, the indications which 
they afford are often of extreme value in the analysis of com- 
plicated mixtures. The methods for preparing the solution of 
the substance to be analysed will be the same as those already 
described. (See pp. 392, 408.) 

A few words may here be introduced concerning those combi- 
nations and mixtures of basic radicals with one another, known 
as alloys and amalgams. When once in solution, the manner of 
recognizing their constituents is identical with that adopted in 
the case of salts ; but nitric acid, moderately concentrated, which 
is usually employed as the solvent for alloys, leaves many metals 
unacted upon and undissolved {e.g, platinum, gold, &c.), which 
require further treatment with hydrochloric or nitrohydrochloric 
add. Nitric acid, moreover, partly separates tin and antimony 
in the form of insoluble compounds, which must then be treated 
according to the plan described on p. 394. 

Throughout the Tables of the present and preceding chapter, 
the more common radicals are indicated by a conspicuous type. 
For the detection, &c. of the acid-radicals contained in a mixture 
of salts, the Tables already given may be employed (see pp. 413, 
414) ; from these Tables, the rarer organic radicals, the reactions 
of which have been detailed in Chapter VII., are for the most part 
omitted, since they seldom occur together in the course of analysis, 
and generally require the employment of very special methods of 
separation. For these methods, reference must be made either to 
Chapter Yii. or to a comprehensive treatise on Organic Chemistry. 

The preliminary examination of the mixture of salts having 
been accomplished, and its results recorded, the student will 
then proceed to the actual analysis. 
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GENERAL TABLE FOB THE 



If HCl has been used for the solution of the subetanoe, and no precipitate 
be assumed to be absent ; but if the substance has been diasolTed in water 
addition as long as any raecipitate is produced : when the precipitAte ceases, 
ride of Bi or Sb, or any USiOj, which may have been thrown down. Agitate 



The precipitate may 
contain 
PbCl,AgCl,orHgaCl; 
and also by thus acidi- 
fying their alkaline so- 
lutions, the anhydride 

and the acids 
HSbO, 

HBoOj 

HBz 

H3S and 

H.U 

may be here precipit- 

ated, since they are but 

slightly soluble in 

water or acids. 

Examine according to 

Table for Group I. 



The filtrate is first fiieed firom HNO3 by one or two 
separate Pt and the mass of the rarer allied metals, 
giyen in Table for Ghroup II. If extremely acid, it 
suspected to contain As in the form of aiventc 00m- 
of tlbe latter is expelled*, when a rapid stream of H. S 
pitation of Pb, As, and Mo, it is well to warm Uie £]< 
time, with H, S. A blue colour on the first passage of 
precipitate may be only S, due to the oxidizmg action 
eyer, a mass of S might easily mask a small but impor- 
suffered to pass unexamined. Ck>llect and wash the 



The precipitate may contain 
Sb,S, 



Pb^S 



Hg,S 

Cd,S 
Pd,S 
Sn^S 

Examine according to Table 
for Gboup II. 



Sbj^Sj 
As.^S, 
A8,S., 
Mo, Sat 



If the filtrate is of a 
preyiously formed, <»r 
eyaporated to dryness at 
moistened with water and 
separation of HSiO, as 
sent, the residue should 
not be interfered with, 
a current of air : the only 
dered insoluble in acids ; 
bonaoeous mass is lef^, 
well to bum the insoluble 



TABLE FOR THE ANALYSIS OF GROUP L 



The precipitates produced by the addition of HCl, and remaining undis- ' 
solyed m excess of tnat reagent, may contain 

PbCl, AgCl, and Hg^ CI ; the anhydride W, O) ; and the adds HSbOg, H4 Sb, O,.. , 

HBoO,, HBb, H,S, andBaU. I 

Boil the precipitate with seyeral fresh portions of water, and wash it^ when on ' 

the filter, with hot water. 



The solution 

may contain 

PbCl, __ 

HBoO^ HBe 

andHsS. 
Add dilute 
HaSO^; a 
white precipi- 
tate indicates 
the presence of 

Pb. 

The acids will 

be found in the 

anal7«iB for 

add- radical. 



The residue may contain 

AgCl and Hg^Cl; W,o^; HSbO,, H^SbsO,, andH,i;. 

Warm with solution <rf KHO, filter and wash. 



The solution 
may contain 
KWOs 
KSbOa 
K,H,Sb40, 

and 

K,U. 
The W may be 

detected by 

the blowpipe 

reactions; the 

Sb by the H, Sb 

series of 

experiments. 



The residue may contain AgCl and (Hg^X^O. , 
Warm with solution of NH^ HO. 



The solution will 

contain 

AgOl. 

If a reprecipitation 

occurs on addition of 

HNO., it indicates 



The residue will consist of 

the presence of which may 
be proyed by heating the 

dried substance with 

Na^CO^ in a bulb-tube, 

and obtaining the metallic 

globmes of 

Hg. 
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either immediate or on cooling has been the result, the first eroup may 
or in HNO3 or H^ SO4, add a few drops of concentrated HCl, and repeat the 
add vet a few drops more of the concentrated add, to redissolve any oxjchlo- 
until the solution is clear, and then filter. 



evaporations on a water-bath with HCl ; it is then treated with NH4 CI, to 
and subsequently with H^C.^O^ to precipitate Au, according to the details 
should then be partially neutralized with Nao CO3, still keeping it add ; and if 
pounds, it must be saturated with S0„ gas : it is then warmed until all excess 
gas is passed through it for at least half an hour. To ensure the perfect pred- 
trate m)m the first H^^S predpitate, and to saturate it a second, and even a third 
H^ S should lead the student to look for Mo. A white or very pale yellow 
of unexpelled HNO3, of HCrOL, or of ferric salts upon the H.^ S. Since, how- 
tant quantity of Sb^ S^ or As.^ S3, or other bodies, no such predpitete must be 
predpitate completely. 



fine blue colour, special search for Ru should be made in the Pt predpitate 
Mo may be looked for a^ain in the following group. The filtrate should be now 
100° C. with HNOg ; this process should be repeated, and the residue finally just 
again evaporated to perfect dryness: absolute dedocation ensures the complete 
Si, O3 ; it would otherwise be mistaken for Al, H3 Og. If organic matter is pre- 
be more highly heated, in order that the detection of Al, Cr, Fe, Mn, &c. may 
It is well to bum organic bodies ofi!' entirely, by igniting the reddue strongly in 
danger is, that by expodng sesquioxides to so high a temperature they are ren- 
a compromise is therefore frequently efiected by heating until merely a car- 
which is boiled repeatedly with HCl, and the solution filtered. It would be 
residue white, to ascertain whether Si^ O^ is present. 

To the HCl solution add some quantitv of NH^ CI ; then almost neutralize 
with NH4 HO ; place in a flask, and add (NH^),, S until no more predpitate 
is produced : warm gently, allow to rest for some time in the corked fiask, and 
filter, washing with water slightly impregnated with (NH4).^S. 



The predpitate may 
contain 
Zn,8 Al^HjO, 



Mn^S 



Cr.HjO, 



Co, S Gl, H3 O3 MphH, O 
Ni^SZrcHsOa QuH,0 

F^SC^HsOg SdiHgO 

ThHO 

Ti-HgOa 

TaHgOj. 
Examine according to 
Table for Group III. 



If the filtrate is brown, the presence of Ni may be 

inferred. First acidify with HA ; warm, filter, and add 
the new predpitate to the one previously produced. 
The filtrate should be evaporated to expel excess of 
(NH^), S, and any precipitate of S resulting from its 
decompodtion ascertained to be only S by ite entire 
volatility. Solution of (NHJjCO, is men added 
until the predpitation ceases ; the liquid warmed (not 
boiled, lest the predpitate should redissolve in the 
NH4CI) and filtered. 



The precipitate may 

contain 

Ba^COg 



Sr^cq, 



Ca^COj. 

Examine according to 

Table for Group IV. 



The filtrate, containing 

NH^, Mg, K, and Na, 

is examined according to 

Table for Group V. 



* Certain •nlpbates, m those of Ba, Sr, and Ca, vomj be predpitated here, the SOg being 
eonTeited into K, SO4. If insoluble in actda, such precipitate must be examined b^ fusion. 

t Mo is not perfectly precipiUted unless H^S is passed into its alkaline solution, which is 
afterwards acidified. 

T 5 
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THE MEIHOD OF ASALTSIS. 



TABLE FOR THE 



The filtrate from Groupl. nuj oontain all other bade 

Pb,Hg, Bi, Cu, Cd, W, Sn, Sb. As. 
It miist be fr«ed from HNO, : tibis may be done by eymporatiiig with alight 
To the HCl Bolntioii, which Bhould be oonoentratod if it has been rendered too 
agitated, and allowed to lest for some hours. 



A yellow crystalline 
precipitate of KPtCl, 

indicateB Pt. 

The largest nut of the 

nre mttaim K, Bo, Ir, 

and also 10016 PdQ, 

would ■eparate here in 

the nine form. 



The filtrate should be mixed with a reasonable quantity of 



A preapfitBte con- 1 Through the filtrate a current of 
Bislanff of yeUow ^^^^^ ^^ ^^^ ^ ^j^j^ ^^^^^^^^ ^^ 

spangteB, or of a thoroughly washed with hot water 

''^diatorA^"^! ^ ' ^ undiflsolved portion must be 



The residue may oontain Hg.^S, Pb 8, Bi^. Cu^, Cd^S, and PcLS: it 
must be washed until quite free from Cl, then boiled in concentrated UNO, 
until all red fumes cease. The liquor is diluted with H^O, the residue allowed 
to settle, and dilute H2SO4 added 



agitated and filtered. 



until precipitation is complete ; it is then 



, The residue and precipitate 
j may contain 

Hg^ and PbaSOj. 
Divide it into two portions. 



I. 

BoilinHCl; 

add one or 

two drops of 

HNO„ and 

continue to 

boil. Drop 

in a bright 

fragment of 

copper foil. 

A taiyerj film 

on the foil 

indicates 



II. 

Isnite on a 

fragment 

of porcelain. 

A white 

non-Yolatile 

residue of 

Pb^O^ 

indicates 

Pb. 



The filtrate may oontain Bi, Cu, Cd, and Pd. 
Add some quantity of solution of KCl ; evaporate 
to dryness on a water-bath, adding a litUe ni- 
trohydrochloric acid towards the end of the 
operation. Bedissolve in a solution of KCl, 
adding one drop of HCl ; filter and wash with 

Ka. 



A reddish 

yellow 

crystalline 

precipitate 

of KPdClj 

indicates 

Fd. 



To the filtrate add excess of NH^HO 



A white 
precipitate 
of BiHjOa 

indicates 

BL 

Confirm by 
theoxychlo- 

ride test 
(seep. 182). 



The filtsvte may oon- 
tain Cu and Cd. Aci- 
dify with HCl, and 
saturate with H.^S ; fil- 
ter and wash the pre- 
cipitate with H^O im- 
pregnated with HjS. 
Bou the precipitate 
with dilute K^SO^, and 
filter quickly. 



To the so- 
lution add 
excess of 
H^S. A 
yellow pre- 
cipitate 
indicates 

Cd. 



The pre- 
cipitate is 

Cu^ 

DisscMTe, 

and confirm 

by the 

NH^O 

andtLCfy 

tests for 

Cu. 
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AJSALYSIS OF GEOUP II. 



radicals ; in the present Ghroup we separtite the following : — 

Pt, R, Rn, Ir, Os*, All, and Mo. 

exoesB of HCl onoe or twice ; in so doing, any Os would escape u osmie anhydride*. 

dilute, a reasonable quantity of NH^Cl solution should be added, the liquid well 



concentrated solution of H^C^O^, and moderately heated for some hours. 



SL^S should now be passed for a considerable time, the liquid warmed, and a 
H^ passed to ensure perfect precipitation. The precipitate must be collected, 
oontaming a little H,S, then boiled for a few minutes with (NH^),S containing 
filtered of. 



The filtrate may contain 
Sn, As, and Sb, combined with S, 
in the form of acid-radicals. Beprecipitate them as sulphides by acidulating 
with HCl ; and, to prevent the HGl from decomposing a portion and dissolyinff 
it as chloride, pass a few bubbles of H^S through the solution. Collect and 
wash the precipitate ; boil it in HCl, and add, when boiline, a yery litUe 
UNO,, drop by drop, until it is dissolyed. Introduce the scuution into an 
apparatus from whicb H is being erolved by the action of H^SO^ upon Zn, 
bom of these reagents having been ascertained to be free from As ; pass the 
evolved gases through a wash-bottle containing solution of PbA^ and thence 
into a test-tube containing a somewhat strong solution of AgNO„, continuing 
the passage as long as any precipitate is produced in the AgNO^ solution. 
When the action has ceased, a black residue will be found upon the surface of 
the Zn in the generator t. 



The black residue consists 
partly of Pb and other im- 
purities in the Zn; but it 
also contains the Sn and 
part of the Sb. It must be 
collected, boiled with HCl, 
filtered, diluted with H^O, 
and tested with a few drops 
of HgCl, when the forma- 
tion of a white or grey pre- 
cipitate indicates 

Sn. 



The solution of AgNOg is filtered, in order to 
collect the suspended precipitate. 



The filtrate 
may contain 

As 
as Ag^AsjOj 
dissolved in 
excess of HNOg 
Exactly neu- 
tralize with 
NH^HO, 
when a yellow 
precipitate 
indicates 

As- 



The precipitate may be Ag 
only, or_Ag3Sb. 

Boil with HjT and filter. 



the residue 
will be 

Ag. 



The filtrate may 
contain 
Sb. 
Acidify with HNO3 
and pass H^S, whei^ 
an orange precipi- 
tate indicates 

Sb. 



* The separation of these four metab is most difficult : the process will be 
described in an Appendix to the present Table. 

t This process was, we believe, originated by Dr. Hofmann, and is employed 
by him in the Boyal College of Chemistry. 
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THE METHOD OF .UTALTSIS. 



TABLE FOB THE 



The precipitate prodaoed by(Jf'K^)fi in tlie 

ZiuS, Mn S, Fe^S, COjS, Ni,8, UA ; Or A^j. ALftO,, 

togemer with certain phoephi^ of this group, and certain 

Boil the precipitate with HCl, and add a few drops of Hjfoy drop br drop, 

excess of KHO solution ; 



The solution may contain 
Zn, Cr, Al, Ta, and o. It is divided into two portions. 



I. 

ia Modified with 
H|Cs04, and infusion 
of gallfl added, when 
an orange colour or 
precipitate indicate! 

the pretence of 

Ta. 



IL 
is boiled for some time. 



A green preci- 
pitate indicates 
the presence of 

Cr. 

This may con- 
tain Fe, for 
which it must 
be examined. 



The solution may be acidified with 

HCl, then rendered alkaline with 

NH.HO, and the precipitate digested 

with (NH,)aCO,. 



The undissoWed 

residue is ALH,0,, 

or AljPO. , 

and indicates AL To ascertain whether the pnos- 
phoric radical is present, dissolve the precipitate in 

HjT, add NH^HO in excess, then add NH^a and 
M^gSOp when the formation of a white crystalline 
precipitate would indicate the presence of 

PO4. 



The Mlatkm will eon- 

tain the Cf whidh, 

if it ii boiled, will 

be precipitated 

mGjHsO^. 



Fe, Mn, and Y, and 
Dissolve in a few 
solution, previously 



The precipitate would contain the Fe as hydrate ; also Mn, Y, Ba, 8r, Ca, 
and Mg as carbonates. Dissolve in HCl, avoiding any excess, warm, and 
add (N&OaS; filter. 



The filtrate 
will contain 
theBa,Sr,Ca, 
and Mg, and 
must be ex- 
amined ac- 
cording to 

the two 

succeeding 

Tables. 



The precipitate will contain the Fe, Mn, and Y. Dissolve in 
HCl, with ^e cautious addition of a few drops of HKO, ; add 
excess of KA, and boil until all the Fe is precipitated. 



The precipitate 
consists of 

Fe 

as basic acetate. 
This precipitate 
should be ex- 
amined for Cr. 



The solution contains the Mn and Y. Add 
NHX)1 and excess of KH^HO ; filter off* any 
YHO which may precipitate, and add to thie 
filtrate a few drops of Br. Allow to rest for 
twenty-four hours. 



The brown preci- 
pitate contams the 



Tlie aolation eontaina any 

diaaolTed Ty wfaieh maj be pic- 

dpitated aa oxalate. 
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ANALYSIS OP GROUP IH. 



filtrate from the H^S precipitate may contain 

TteHsO^, Ti,H.O„ GsHaO,, Zr^HgO^,, Ct^H^^ LaHO, DiHO, ThHO» YHO, 

phoflpnates, Dorates, and nuondes of iBa, Sr, Ca^ and Mff. 

to the boiling liquid ; filter firom any residue of S. Add to the cooled solution 

filter, and wash with cold water. 



The precipitate may contain 
Mn, Fe, Co, Ni, U, 1% Zr, Ce, Lb, Di, Y, and Th, together with the phosphates, 

borates, and fluorides. 
Vint dioolve in HCl, aToiding excen, and boil the lolution for lome time ; filter. 



A white pre- 

dpitate of 

TijOi 

indicatea the 

presence of 

Xt. 



To the filtrate, aome quantity of a latarated aolation of K3SO4 is added, the 
liooid allowed to reat for eome hoora, filtered, and the precipitate waahed with 
cold saturated eolation of K^04. 



The fonnation of a white, 
yellow, or red crystalline 
precipitate of double sul- 
phate would indicate the 
preaenoe of 

Zr,Ce,La,I>i,andTh. 

As all these rare bodies 
are ncTcr known to occur 
together, their separation 
ia not a matter of piae- 
tical importance. 



The solution is boiled with a few drops 
of HNO3, slight excess of NH^HO added, 
and then a warm and concentrated solution 
of (NH^),C03, with which the precipitate 
formed is digested at a moderate heat for 
some time, ft is then filtered rapi^ while 
hot> and the digestion with (1^^4)2003 
repeated. 



The preci- 
pitate will 
contain the 

also the phosphates, borates, and fluorides. 

drops of MCI, and drop into boiling KSO 

mixed with a little Na^Cb,. 



The solution should be examined for phos- 
phoric, boracic, and hydrofluoric adds, by 
the appropriate tests. 



The filtrate will contain the 

U, Ni, and Co, 

and, if concentrated, will, on 
cooling, deposit fine lemon- 
yellow crystals of 

(U,0),CO., (NH,),CO„ 

which may be separated. Add 

some NH.Cl solution, and boil 

for some time. 



The precipitate will oonaiat of (U, O)^. 

blowpipe for V. 



Teat by meaaa of the 



To the filtrate add 
NaJDOg, and boil until 
all odour of NH, has oeaaed, then almost neutralize the NtuCO, with HCl. Add 
now, gradually, such a quantity of a weak solution of KCy as shall be exactly 
sufficient to redissolve the precipitate at first produced by it. Boil until HCy 
ceases to be erolved ; filter, if necessary, ana, when cold, add some excess of 
a strong solution of NaClO*. If no black precipitate or colour appears after 
tlie lapse of ten minutes, add a drop of HCl to fSEunlitate ito formation. 
Warm and filter. 



The precipitate will consist of (Ni^y^Og. 
Test by means of the blowiupe lor 



The filtrate will contain the Co. Era- 

porate to dryness, and test by means 

of the blowpipe for 

Co. 



* This mode of separation was, we beliere, first practised by Dr. Hofinann. 
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THE METHOD OF AITALTSIS. 



TABLK FOE THE ANALYSIS OP GEOUP IV. 



The fillarate from the (NH^X^S precipitate freed from (NH^^S by boil- 
ing and filtration, haying been mixed with (NH^ ), CO, and warmed in the 
presence of NH^Cl, may have yielded a precipitate consisting of the car- 
bonatee of Ba, Sr, and Ca. 

The precipitate is diasolTed in a few drops of Hd and divided into two 
portions. 



"I 



I. 
is mixed with some quantity of 
H3 Si, F^, and evaporated to dryoess. 
The mass is then treated with JSHO. 



A residue 

oonfflsts of 

Ba^Si^Fj, 

andmdicates 

Ba. 



The filtrate is again 
mixed with HjSi^Fj,, 
and again evaporated 
to dryness to ensure 
the complete separa- 
tion of Ba. The so- 
lution in EHO is re- 
peated, the liquid eva- 
porated to dryness, 
and the residue dis- 
solved in water and 
tested with solution 
of CajjSO., when a 
white precipitate in- 
dicates 

Sr. 



n. 

is miasd with some quanti^ of so- 
lution of KgSO^, evaporated to dry- 
ness, and the mass boded with water 
and filtered. 



The residue 

consists of 

Ba^ SO. and 

Sr,SO^. 



To the filtrate, excess 
of KH^ HO is added, 
and a few drops of 

(NHJjjO, when a 

white precipitate 

indicates 

Ca. 



TABLE FOE THE ANALYSIS OF GEOUP V. 



The filtrate from Group lY., or the solution in whioh the various group- 
reagents have failed to produce any precipitate, may contain NH^, Mg, E, 
and Na. Evaporate and ignite to expel NH^ salts, which will have oeen 
already detected in the preliminary examination ; mix the residue with 
mercuric oxide (Hg. O) in excess, and a drop of water ; ignite, extract with 
boiling water, and mter whilst hot. 



A residue will con- 
sist of MgHO, and in- 
dicates the presence of 

Hg. 



Evaporate the filtrate to dryness, test one por- 
tion of the residue before the blowpipe for 

Na; . 

dissolve the remainder in dilute HOI, and add 
HPtCls. Ayellowcr^rstalline predpitato of KPtClj 

indicates 
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APPENDIX TO TABLE FOR THE ANALYSIS OP GROUP 11., 

Exhibiting the general outline of the method of dealing with the 
metals Pd, Ir, B, Eu, and Os, which, together with some Fe and 
Cu, are found in platinum ore. 



Hie minenlis diaiolTed in ft retort by means of a mixture of 5 part* of the moat eoncentrated 
HCl with 1 part of fuming HNO3, and the add which diatils over aa the liquid boila, collected 
in a receiver ; the distillate is returned and redistilled. 



The distillate 
wiU eontain the 

0aaa0s,0.. 

Saturate with 

solution of KHO; 

add EHO, and 

warm gently, 
^en a fine red 
crystalline pre- 
cipitate forms, 
wlueh is KOsOj. 



The syrupy residue in the retort is then filtered oif from certain dark 
steel-coloured grains, which are not acted upon by the acid. 



The insoluble 

grains are called 

Osm-iridium, 

and contain Os, 

Ir, and Rn. 
These are pow- 
dered in a steel 
mortar, and 
"■— ■^~"^"'""* fused with a 
mixture of equal parts of KHO 
and KCIO3. The mass is 
treated with water. 



The concentrated filtrate is mixed with about twice its 
bulk of EHO, and then with a warm solution of KCl 
until no more precipitate is fonned. It should be allowed 
to rest for some time, filtered, and washed with weak 
EHO containing KCl. 



The solution 
contains KOsO 

and KRuO, 
from which the 
Ob may be sepa- 
rated b^ distilla- 
tion with nitro- 

hydrochloric 
add. 



The residue 
consists of 

lr,0, 

and grains 

unattached, 

which must be 

again fiised. 



The yellow or 
red crystalline 
precipitate con- 
sists of KPtCl, 

and KlrClg, 

with traces of 

KsIUCLsand 

KPdCL,. 

It is gendy 
heated with an 
equal wdght of 

Nag CO3 in a 
porcelain cru- 
dble until the 
mass becomes 



quite black. It is 
■^^■"■^~^~~"""~"^~""^— then boiled with 
water addiflcd with HCl, and the residual black 
powder of Pt and Ira ^ washed. It is then digested 
with dilute nitrohrcbochloric add, in order to ex- 
tract part of the rt ; and this solution being pre- 
servea, the insoluble residue of Pt (yet undissolved) 
and Ir^O is mixed with NaCl and concentrated 
nitrohydrodiloric add, and evaporated to dryness. 
Water is then added, to dissolve the PtCl,, and the 
solution filtered, the filter bdng washed with NaCl 
solution, and finally with NH4CI, to prevent the 
IrjO passing through the pores of the paper. 



The solution contains the R, Pd, and 
some Ir, together with the Fe and On. 

It is evaporated to dryness, the mass 
digested with concentrated nitrohydro- 
chloric add, KCl added, and the eva- 
poration repeated. The mass is then 
washed with alcohol. 



The solution 

will contain 

FeoCLjand 

CuCl. 



*S1 



The residue, consistinK 
of 
K.R3CI. 
KPdCla," 
and KIrCL, 
is fused with K^ Cr4 O-, and the mass 
boiled with H3O. 



The residue con- 
tains a portion of 
IrjOg. 



He black 
treated with'HNdj 



The solution is 

acidified with HCl, 

and a piece of pure 

Zn introduced. 

precipitate ia washed and 



The residue consists of 

IrgOj, 

which may be reduced 

to metal by heating in 

aeuxrentof H. 



The solution contains 
NaPtCL, 
and some Ir, which may 
be separated b^ a repeti- 
tion of the ignition with 
NajCOa, Hcc. &c. 



The solution 

contains the 

Pd. 



The residue 

consists of the 

R. 
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THE HXTHOD OF ANALTSIS. 



The examination for acid-radicals is to be conducted in ac- 
cordance with the plans given on pp. 413, 414. 

Suitable mixtures for analysis may easily be made. Por in- 
stance, at first two salts should be taken containing a common 
acid-radical and different basic radicals belonging to different 
groups ; then a mixture may be made, the basic constituents of 
which are four in number, two belonging to one group, and two 
to another. The student should then exercise himself in effecting 
the more difficult and delicate methods of separation, gradually 
increasing the number and variety of the basic and acid-radicals 
to be detected. Trials should also be made with mixtures of 
soluble and insoluble salts, with alloys, with salts incapable of 
remaining dissolved in the same solution, and with some of the 
substances met with in commerce or in common life. 



INDEX. 



Tttgt 

Add elements 17 

Acid-radicals, reactions and salts 

of 2^eeaeq. 

acetic 3^ 

antimonic .... 207, 382 

antimony 369 

arsenic 367 

arsenic 381 

arsenions 380 

anric 234,308 

benzoic 351 

bismntiiio 306 

boron 316 

boracic 326 

bromine 256 

carbon 316 

carbonic 318 

chloric 268 

chlorine 253 

chlorochromic . . . 255, 304 

chlorous 268 

chromic 304 

citric 356 

common phosphoric . . . 376 

cyanic 340 

cyanogen 336 

ferric 307 

ferricyanogen 346 

ferrocyanogen 344 

fluorine 263 

fluosilicic 317 

gdlic 357 

hydric 281 

hypochlorbus 267 

hyponitric 373 

hypophosphorous . . . . 374 

hyposttlphuric 2 

lurous .... 288 

273 

iodine ..!!... 260 

Iridic 230,306 

lactic 352 

manganic 307 

metantimonic . . . 207,382 
metaphosphoric .... 376 

metastannic 197 

mol^bdio 310 

niobic 119 



hyposulphi 
iodic . . 



Aeid-radicals {continued) 

niobium 119 

nitric 371 

nitrogen 364 

nitrous 370 

osmic 308 

oxalic 323 

oxygen 281 

pelopium 333 

pelopic 333 

pentothionic 294 

perchloric 270 

perchromic 307 

periodic 274 

permanganic 306 

phosphoric 376 

phosphorous 375 

phosphorus 366 

pyrophoephoric .... 376 

rhodic 306 

ruthenic 306 

selenic 299 

selenious 298 

selenium 286 

silicic 329 

silicon 316 

stannic 197 

succinic 353 

sulphantimonic . . 206,382 
sulpharsenio . . . 219,382 
sulpharsenious . . 217,382 
sulphocarbonic .... 334 
sulphotungstic . . . 237,313 

sulphur 283 

sulphuric 295 

sulphurous 291 

tannic 358 

tantalio 332 

tantalum 316 

tartaric 354 

telluric 302 

tellurium 287 

tellurious 301 

tetrathionic 294 

titanic 333 

titanium 316 

trithionic 294 

tongstio 237, 309 
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DTDEX. 



Acid, uric 359 

yanadic 243,311 

Acid-ndicals, analytical daasifi- 

cation of 251 

general examination for . 413 
preliminary examination for 404 
schemes for detection of, 

278, 314, 362, 384 
special tests for ... . 405 

AfRnity 36,43 

Alkalies 71 

Alkidine earliis 82 

Allotropy 26,28,34 

Alloys, treatment of ... . 415 

Aluminates 109,304 

Aluminium 7 

Ammonia 78,365 

Ammonium 78 

Analysis of mixed salts . . . 415 
of simple salts . . . 390 
method of . . 385 et uq. 

Anhydrides 267 et seq. 

Antimony VI 

detection of ... . 200 

Antimonyle . 203 

Aqueous fusion 391 

Anenic 12 

detection of ... . 210 

Arsenides 367 

Atomic theory . . . . 36 f ^ tea. 
weights 2, 37 

Barium 6 

Bar^ 68 

Baac bodies, organic .... 143 
Basic elements .... Zet aeq. 
Basic radicals, reactions and 

salts of . . . . 67 ^ sea. 

aluminium lOo 

ammonium 78 

antimony 199 

arsenic 209 

barium 83 

bismuth 181 

cadmium 154 

calcium 89 

cerium 102 

chromium Ill 

cobalt 132 

copper 157 

did^ium 105 

erbtum 99 

ferric 123 



Basic radicals (continued) 

ferrous 120 

glucinum 107 

gold 232 

hydrogen .... 254 ei seg. 

iridium 227 

iron 119 

lanthanium 104 

lead 176 

lithium 77 

magnesium 92 

manganese 127 

mercuric 173 

mercurous 170 

mercury 168 

molybdenum 238 

nickel 135 

niobium 119 

osmium 230 

palladium 185 

pelopium 119 

platmum 219 

potassium 72 

rhodium 22S 

ruthenium 225 

silTer 163 

sodium 75 

strontiimi 86 

tantalum 316 

terbium 99 

thorinum 101 

tin 191 

uranium 116 

vanadium 242 

yttrium 99 

zinc 139 

zirconium 106 

Basic salts 47 

Bismuth II 

Borax 66 

Borides 316 

Boron 29 

Cadmium 10 

Calcium 6 

Carbides 316 

Carbon 28 

Carbonic acid gas . . . .65, 318 

Cerium 102 

Chlorine 18 

Chromium 7 

Chromyle, notes .... 256, 304 
Cobalt 8 
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Page 

Combination, lawB of . . 36 tf^ aAT. 

by Tolume ... 37 

by weight ... 37 

Copper 10 

CryBtallization 49 

purification by . 49 
water of ... 55 

Cyanides 336 

Cyanogen 340 

Deoompodtiont double ... 43 

Diamond 29 

Didymiom 105 

Distillation 50 

Distilled water 63 

Elective affinity 43 

the reaultant of many forces 43 

Elements, claasification of . . 1 

Bqniralent yolumes .... 37 

weights 37 

Fluorides 263 

Fluorine 22 

Fusion . 394 

GKucinum 109 

Gold 13 

Graphite 29 

Group reagents, use of . . . 388 

Hydrates 282 

Hydration, water of . . .55, 281 
Hydrogen 14 

Insoluble substances . . 392,406 

Iodides 260 

Iodine 21 

Iridiates 230,308 

Iridium 227 

Iron 8 

Lanthanium 104 

Law of definite proportion 36 et sm. 
Laws of combination . . . . ^ 

Lead 11 

lime 89 

Liihia 77 

Lithium 5 

Magnesium 6 

Manganates 307 

Manganese 8 



Mercury 11 

Method, importance of . . . 387 

Molybdates 310 

Molybdenum 310 

Monatomic radicals .... 47 

Monobasic radicals 46 

Morphine 143 

Nickel 9 

Niobium 119 

Nitrates 371 

Nitrites 370 

Nitrosen 31 

Nitrohydrochloric acid . . . 372 

Nomenclature 46 

Notation 38 

Organic acid-radicals .... 319 

Organic bases 97, 143 

Osmiates 230,308 

Osmium 230 

Oxalates 323 

Oxides 281 

Oxidizing action 112 

Oxygen 23 

Oxy-salta 182 

Palladium 12 

Pelopium 119 

Pentaihionates 294 

Perchlorates 270 

Perchromates 307 

Periodates 274 

Permanganates 308 

Phosphates 376 

Phosphides 366 

Phosphites 375 

Phosphorus 32 

Platinates 308 

Platinum 13 

Potassa 54 

Potassium 4 

Precipitation 49 

Preliminary examination for 

acid-radicals 404 

Preliminary examination for 

basic radicals 391 

Purple of CassiuB 233 

Pyrophosphates 376 

QualitatiTe analysis, method of. 385 

preparing solutions for 392, 408 

Quinine 144 
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BeagentB for qualitatiye analyBu ^ 

list of 51 

prepantion of ... 53 
punAcation of . 40 e^ tea. 

BecrystaluzatioiL ^ 

Beductaon 124 

by fusion .... 394 
on charooal. . . . 157 

Rhodium 223 

Ruthenium '. . 225 

Salts, definition of 39 

Salt- or acid-radioal, definition 

of 17 

Seleniates 298 

Selenidea 286 

Selenites 299 

Selenium 27 

SiUcatos 329 

insoluble, analysis of . 394 

Siticides 316 

SiUoofluoiides 317 

SiHoon 30 

Silver 11 

Soda 56 

Sodium 5 

Soluble salts 49 

Solution 49 

of substanoes for ana- 
IjsU. . . . 392,406 

Solrents 392 

yariouB acids 392 

water 49 

Stannates 197 

Starch 67 

Strontium 6 

Strychnine 146 

Sublimation 49 

Succinates 353 

Sulphantimoniates 206 

Sulpharseniates 219 

Sulpharsenites 217 

Sulphates 295 

Sulphides 283 

Sulphites 291 

Sulphocarbonates 334 

Sulphotungstates 237 



Sulphur a» 

Sulphur adds 313 

Sulphuretted hydrogen . . . 283 
Sulphurous acid gas .... 291 
Symbols 2 

Tables, analytical . . . .81,97, 

150, 190, 245, 278, 314, 362, 384. 

391, 397, 398, 399, 400, 401, 402, 

404, 413, 414, 416, 418, 420, 422. 

of reactions . . . . 80, 96 

148, 188, 246, 276, 313, 

361,383. 

Tannates 358 

Tantalatee 332 

Tantalum 316 

Tartrates 3&i 

Telluriatee 302 

Tellurium 287 

Terbium 99 

Testa, special, for acid-radicals . 405 

Tetrathionates 291 

Thorinum 101 

Tin . 12 

Titanates 333 

Titanides 316 

Titanium 316 

Triatomic basic radicals ... #7 
Tribasic acid-radicals .... 46 

Trithionates 294 

Tungstates 237,309 

Uranates 118 

Uranium 116 

Uranyle 117 

Urates 360 

Vanadiatee 311 

Vanadium 13 

Water 231 

of aystallixation ... 55 

Yttrium 99 

Zinc 9 

Zirconium 106 
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g Scientific Papera. One Vol. R^yal 8to, 36s., Illustrated by Maps, 

c Geological Sections, Plates and Woodcuts. 

g Ompbaloa. An Attempt to Untie the Geological Knot. By P. H. 

g GOSSE, F JEt.S. In this work the author aims to overtlirow the 

reoeived conclusions of geologists as to the remote antiquity of 

the earth, by the enunciation and illustration of a p;rand phy:dcal 
g law, hitherto unrecognized, the law of Prochronism in organic 

creation. Poet Sto, pp. 376, with 56 Illustrations on wood. 

10s. 6<f. 

£ 

s WOBKS ON OENEBAL NATUBAL 

I HISTOBY, &c. 

8 

8 The Aquarian Naturalist : a Manual for the Sea^de. By Pr>- 

S fessor T. RYMER JONES, F.RS. Post 8vo, 544 pp., with 

g 8 Coloured Plates, price 18s. 

8 

g Humble Creatures: the Earthworm and the Common 

g Housefly. In Eight Letters. By JAMES SAMUELSON, as- 

sisted b^ J. A. HICKS, M.D. Lond., F.LS. With Micitwcopic 
Illustrations by the Authors. Post 8to, price Ss. 6ef. 
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Tli» XElcrograpliie Dictioooary: a Guide to the Kramination 
and LiTestigatiozi of the Stroctore and Na ture ofMiorosoopic 
Objects. BjDr.OBIFFITHandlVofeBsorHENFBET. Illua- 
tarated bj 41 Plates, each with numerous Figures, some coloured, 
and 816 Woodcuts, 777 pages, Svo, £2 5s. 

Obflervatioos in Natural History ; with a Calendar of Periodic 
Phenomena. By the BeT. LEONABD JENYNS, M.A., F.L.S. 
Poet 8to, 10s. 6d. 

ObMrvatiosis in Meteorology; relating to Temperature, the 
Winds, Atmospheric Pressure, the Aqueous Phenomena of the 
Atmosphere, Weather Changes, ko. ; being chiefly the results of a 
Meteorological Journal kept for 19 jears at Swaffham Bulbeck, 
in Camlnidgeehire, and serving as a guide to the climate of that 
part of England. By the Bev. LEONAKD JENYNS, M.A., 
F.L.S., &c., late Vicar of Swaffham Bulbeck. Post 8yo, lOs. 6<^. 

Practieal MeteordlOKy. By JOHN DBBW, Ph.D., F.B.A.S., 
CoETeeponding Member of the Philosophical Institute of BAle. 
Foolscap 8vo, with 10 Illustrative Plates, ds. 

Natural History of Animals: being the substance of Three 
Courses of Lectures deliver ed b efore the Boyal Institution of 
Great Britain. By T. BYMEE JONES, F.B.S., Professor of 
Zoology in King's College^ London. Post Svo. Vol. I. with 105 
Illustrations ; YoL 11. witii 104 Illustrations, 128. each. 

Qeneral Outline of the OrgaTilBation of the Anifnal King- 

dom, and Manual of Comparative Anatomy. By T. RYMEK 
JONES, F.R.S., Professor of Comparative Anatomy in Kind's 
Collese, London ; late Fullerian Professor of Physiolo^ to the 
Boyallnstitution of Great Britain, &c. Slc, Second Edition, 8vo, 
884 pages, 400 Woodcuts, £1 lU ^. 

First Steps to Anatomy. By JAMES L. DRtTMMOND, M.D., 
Professor of Anatomy and Physiology in the Belfast Boyal Insti- 
tution. With 12 Illustrative Plates. 12mo, 5s. 

Great Artists and Ghreat Anatomists: a Biographical and 
Philosophical Study. By B. KNOX, M.D., FJI.S J!. Post Svo, 
68, Qd. 

Anatomical Manipulation ; or, The Methods of pursuing Prac- 
tical Investigations in Comparative Anatomy and Phvsioloflpr. 
Also an Introdootion to the Use of the Microscope, Ac. Sy 
ALFRED TULK, M.RwC.S., M.E.S. ; and ARTHUR HEN- 
FREY, F.L.S^ M Jiior.S. With Illustrative Diagrams. Foolscap 
Svo, ds. 

Familiar Introduction to the Study of Polarifted Light. 
By CHARLES WOODWARD, F.R.S. Svo, Illustrated, 3s. 
^kcond Edition. 
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A Qliurtnitioiui ^ Iii8lilict» deduced from the Hafaits of Briliih 

^ AnimalB. By JONATHAN COUCH, F.L^., Member of tbe 

Royal Geologioal Society, and of the Royal Institation of Com- 
I wall, &C. Post 8to, 8s. iki. 

The Powera of the Creator I>ispla3red in the Oieatiaai; 

or, ObeervationB on Life amidat the Tariona forma of the Humbler 
1 Tribes of Animated Nature ; with Practical Comments and QIiu- 

I trations. By Sir JOHN ORAHAM DALYSLL, Knt and Bart 

In 3 toIb. 4to, containing numerous Plates of living subjects, 

finely coloured, £10 10s. 

] Rare and Remarkable Animalw of Scotland, with Fnc- 

tical Obeerrations on ^eir Nature. By Sir JOHN GRAHAM 
g DALTBLL, Knt and Bart In 2 toIs. 4to» containing 110 

g Coloured Plates, drawn from the living subjects, £6 6s. 

g On the Variation of SpecieB, with especial referanee to the 

g Insecta ; followed by an Inquiry into the Nature of Genem. By 

g T. VERNON WOfiLASTON, M.A., F.L.S. PostSvD,6s. 

N " No compound of thia earthly ball 

£ It like another, all ia all.*'— Tawijraon. 

£ Manual of Natural History for the Use of TntveUen; 

g being a Description of the Families of the Animal and Vegetable 

C Kingdoms, witn Kemarks on the Practical Study of Geology and 

g Meteorology. To which are app ended Directions for ColSoting 

g and Preserring. By ARTHUjS ADAMS. M.B.CS.; W. BAL- 

g FOUB IBAIKtE, M.D. ; and CHABLKS BABBON, tTurator 

g of the Boyal Naval Museum at Haalar. Post 8to, 12s. 
£ 



Xietters of Rusticns on Natural History. Edited by ED- 
WARD NEWMAN, F.L.S., F.Z.S., Ac 8vo, 8s. Qd. 



Deecripdve XSthnoLogy. By BOBEBT GORDON LATHAM. 

M.D., F.B.S., Fellow of King's College, Cambridge; Vioe-Pre- 

fi sident of the Bthnological Society of London ; <>>nnesponding 

£ Member of the Ethnological Society of New YorL 2 vols. 8to. 

B 

I O^Aer Works on Ethnology ^ by Dr» Latham, 

a Natural History of the VarietieB of Ifaa. Sro, IUim- 

S trated,i;i Is. 

g 

g Bithnology of Europe. Foolscap 8to, 56. 

I Ethnology of the British TalaiHite. Foolscap 8vo, Ss. 

S Ethnology of the British Colonies and Dependencies, 

S Foolscap 8vo, 58. 



Han and his Migrations. Foolscap Svo, bs, 
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The SeaHride Book : an Introdoetioii to the Natural History of 
die Brifciah Coasts. By W. H. HABVEY, M.D., M.B.I.A., &c. 
With a Chapt^ on Fish and Fish Diet, by TABBBLL. 
Foolscap Syo, with 83 Woodcut lUustrationB, 4th Edition, 5s. 

Handbook to the Marina Aquarium: oontamin^ Practical 
Instructions for Constructing, Stocking, and Maintaining a Tank, 
and for Collecting Plants and Animals. By P. H. G08SE, 
F.B.S. Foolscap oro, Second Edition, 28. 6(f. 

Ifr. Gosse's Manual of Marine Zoology of the BxitiBh 

Isles. Parts I. and II., price 7s. M. eadh. 

A Naturalist's Bambles on the Devonflhire Coast. By 

P. H. GOSSE, F.B.S. Witb 28 Lithographic Plates, some 
ooloured, post 8to, One Guinea. 

The Aquarium ; an Unveiling of the Wonders of the Deep Sea. 
By P. H. GOSSE, F.B.8. Post Sto, Illustrated, Seoobd Ed. I7& 

The Canadian Naturalist. By P. H. GOSSE, F.B.S. With 
44 niustrotions of the most remarkable Animal and Yege- 
table productions. Post 8yo, 12«. 

Tenby; a Seaside Holiday. By P. H. GOSSE, F.&.S. 
Post 8yo, 400 pages, with 24 Coloured Phites, 2U 

The Isle of Man ; its History, Physical, Ecclesiastical and Le- 
cendarr. By J. G. CUMMING, M.A., F.G.8. Poet 8vo, 

Natural History of the County of Stafford; oompri8in|f its 
Geology, 2k>61ogy, Botany, and Meteorology: also its Antiqui- 
ties, Topography, Manufactures, &c. By BOBEBT GAENEB^ 
F.L.S. 8to, with a G^logical Map and other Illustrations, 21s. 

The Natural History of Selbome. By the late Bev. GIL- 
BEBT WHITE. MA- A New Edition, with Notes by the Bev. 
LEONABD JENYNS, M. A., F.L.8., &c. ; with 26 Illustrations, 
foolscap 8to, 7s. 6d. 

Travels in Lycia, Mil3ras, and the Cibjnutis, in company 
with the late Bev. E. T. DanieU. By loeut. SPBATT, B.N., and 
Professor EDWABD FOBBES. Two toIs. 8to, with numerous 
Illustrations, including Views of the Scenery, Plans of Ancient 
Cities and Buildings, Plates of Coins and Inscriptions, Cuts of 
Bock Tombs, FossOs, and Geological Sections* and an original 
Map of Lycia. 36s. 

Healthv Respiration. By STEPHEN H. WABD, M.D. 
Foolscap 8vo, Is. 6d. 
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. Tobacco and its Adtilt«ntions. BjHENBYP.PBESCOTT, 

^ of the Inland Beyenue Department. With apwsrds of 260 lUaa- 

trationB drawn and engraved on Forty Steel Plates. 8to, 12flw6dL 

1 A Life of LinnflBtui. By Miw BRiaHTWELL of NorwiclL 

Foolscap 8yo, da. 6<2. 

Scenary, SciencOy and Art; being Extracts from the Note- 
1 book of a G^logist and Mining Engineer. By ProfesBor D. T. 

] ANSTED, M.A., F.B.S., &c. Svo, with Woodcuts and Four 

Views in tinted lithography, IO9. 6d, 

] Evening ThaoAtB. By a PHYSICIAN. Post 8to, Second 

1 Edition, 48. 6d. 

" We cannot help ezpTesung a wish that these ' ETening Thou^ts ' may 
g not be the only contribations to Mneral literature that tre may ha'w froai 

a a dund eo poverfvl, eo ettltiTated, and m gende aa that of the PhyriciaB 

whoM pagea we nowdoee.'* — Guardian. 

^ lUtistratioDB of Arts and Mana&ctaiea; being a Selection 

^ from a Series of Papers read before the Society for the Encon - 

I raflement of Arts, Manufaotores, and Commerce. By AKTUUB 

I AlklN, F.L.S., F.G-.S^ &c., late Secretafy to that Institution, 

^ Foolscap 8to, 8s. 

^ The Poor Artist ; or, Semi Bye-Sights and One Object *«SCI- 

c ENCE IN FABLE.*' Foolscap 8to, with a Frontiqnece, os. 

fi Sunday Book fbr the Young; or. Habits of Patriarofaa] Times 

fi in&e East With Woodcuts, 2s. 6cf . By ANNE BULLAE. 

i 

g 

g Other Books for Young Perso9i8, by Anne BuBar. 

Domestic Scenes in Qxeenland and Iceland. With 

|g Woodcuts, 28. Second Edition. 

Svery-Day Wonders; or, Facts in Physiology which all 
g should know. With Woodcuts, 2^. 6<f . 

^ SngiLand befbre the Nonnan Conquest 28. 6<f . 

6 Elements of Practical Knowledge ; or. The Young Inquirer 

fi Answered. Explaining in Question and Answer, and in &miliar 

£ language, what most uinfls daily used, seen, or talked of, are ; 

fi what tihey are made of, where found, and to what uses implied, 

fi Including artaoles of food and aliment; misoeUanies in oommon 

fi use ; metols, gems, jewellery ; and some aooonnt of the principal 

S inyentions and most interesting manufactures. Second Edition, 

S ISmo, with Illustrations, 3s; doth. 

E Notes on the Oeology and Chemical Composition of the 

g Tsrious Strata in the Isle of Wight By CAPTAIN L. L. 

BOSCAWEN IBBETSON. With a Map in Belief, coloured 
Geologically, 8to, 7». 6rf. 
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ABCHITEGTUSE AND THE FINE AETS, &c. 

Instrmoenta Ecdesiastiea; a Series of Working Designs, 
engrayed on 72 Plates, for the Fumiture, Fittinss, and Decora- 
tions of Churches and their Precincts. Edited by the Eoelesio- 
logical, late Oamlnridge Camden Society. 4to, £1 lis. 6<^. 

The Second Series contains a Cemetery Chapel, with Sick-house and 
Gateway Tower — A Wooden Church — ^A Chapel School — Schools 
and School-houses — A Village Hospital — An Iron Church — And 
Designs for Funeral Fittings, for Timber Belfries, and for a 
Variety of Works in Metal, Wood, and Stone. Price also 

WfiT^^'*^ of Gkrthie Axchitecture. By F. A. PALEY, MJL. 
With a full Account of Monumental Brasses and Ecclesiastical 
Costume. Foolscap 8yo, with 70 Illustrations, ^. Qd, 

** To tbe stadent of the arddteetim of old Engliah churches this beAudftil 
little Tolmne will prove a moet soeeptable manusl. The two chapters 
on * * * fonn an epitome of the whole sul^ect, so lucid, concise, and 
complete, that it may be regarded as a modiel of sucdnet and dear ex- 
position. Both ttt'dMcription and aaalyds, Mr. Falejr is vMnarkabki ibr 
neatness and perspicuity ) hia stjle is terse and precise, yet withal easy 
and elegant. The examples, engrsTed hj Thurston Thompson, are the 
perfBcdon of wood engravinc, as a}>pllea to architecture : exact in de- 
tail, picturesque in effect, and cut with equal flrmncaa and deiieaey." — 

Baptismal Fosits. A Series of 125 Engrayings, examples of the 
diiferent periods, accompanied with Descriptions ; and with an 
IntrodttctoiT Essa^. By F. A. PALET, M.A., Honorary Secre- 
tary of the Cambridge Camden Society. 8yo, One Guinea. 

Tnatifle on the Bum axid Fro0esB of Decorated Wind^ 

Tracery in BngUnd. By EDMUND SHABPB, M.A., Architect. 
Sto, Illustrated with 97 Woodcuts and Six Engrayings on steel, 
10s. Qd. And a 

Series of Dlnstrations of the Window Tracery of the 

Decorated Style of Eoclesiastioal Architecture. Edited, with de- 
scriptions, by Mr. SHARPE. Sixty Engrayings on steel, Syo, 21s. 

Heraldry of Fish. By THOMAS MOULE. The Engrayings, 
205 in number, are from Stained Glass, Tombs, Sculpture, and 
Carying, Medids and Coins, Bolls of Anns, and Pedigrees. Syo, 
21s. A few on large paper (royal 8yo) for colouring, £2 2s. 

Shakspeare's Seven Ages of Man. Illustrated by Wv. 
MULREADY, B.A. ; J. CONSTABLE, R.A. ; SIR DAVID 
WILKIE, RjI. ; W. COLUNS, B.A. ; A. E. CHALON, R^. ; 
A. COOPER, R.A. ; SIR A. W. CALLCOTT, R.A. ; EDWIN 
LANDSEER, RX ; W. HILTON, R.A. Post Syo, 6s. A few 
copies of the First Edition in 4to remain for sale. 
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. Manual of Gtothic Moldings. A Practical Treatise on their 

^ formations, gradual development, oombinatioiis, and Yuiefiei; 

with full directions for copying them, and for determining their 

dates. Illustrated bj nearly 600 examples. By F. A. PALET, 

1 M.A. Second Edition, Svo, 7*. Qd. 

** Mouldings are the icholiurfihip of architectuie. The meaent is a most 
learned work, and dispnlajri an amoant of practical knowledge wliidi 
those who know the difficulties of the sulyect aJone can qipr«caate."~- 
] Chrittian Retnembrttncer. 

J 

QraT'fl Ebexy in a Cotintry Church-Yard. Each Stanza 

illustrateawith an engraving on wood, from 33 original drawings. 

1 Elegantly printed, in post Sto, d«. doth. (Small edition, 2«. 6d*) 

A Folyfflot Edition of this volume, with interpaeed TranslatJona in 
^ the dreek, Latin, Gterman, Italian, and FnD<m languages. 12a. 

6 

q Qray's Bard. With Illustrations by the Hon. Mrs. JOHN 

g TALBOT. Post8vo,7». 

g 

S The Vicar of Wakefield. With 32 lUustrations by WILLIAM 

g MULREADY, R.A.; engraved by JOHN THOMPSON, first 

reprint. Square 8vo, 10s. Qd, 

^ *' And there are some desi^ in tltc volnme in which art may justly boast 

8 of having added something to even the ^quisite &oey of CKddsBiith." 

g — Esanuner, 

a 

i The Farmer's Boy an d oth er Rural Tales and Poems. 

i By ROBERT BLOOMFISLD. Eoolsoap 8vo, 7s. Gej. A few 

t oopies on laige paper, to oorrespond with tiw edition of 'The 

i Yicar of Wakefield,' Litely Ulustrated by WILLIAM MUL- 

READY, RA. WiUi 13 Blufltrations by Sidnegr Cooper. Hora- 
ley, Fredarick Tayler, and Thomas Webster. A.RJL 

H 

Watts's IMvine and Moral Songs. With 30 Hlustratioiis 
by C. W. COPE, A.R.A. ; engraved by JOHN THOMPSON. 
^ Dqtuufe 8vo, 7s. Qd. ; eopies bound in moroooo. One Chiinea. 

H* The Econoxny of Human Life. In Twelve Books. By R. 

g DODSLE^ With Twelve Plates, engraved on steel, from on- 

{ ginal designs, by !Frank Howard, Harvey, Williams, &c. 18mo, 

g gilt edges, 5s. 

i 

i Bibliographical Catalogue of Privately Printed Books. 

fi By JOmi MARTIN, 9.8 JL Seoond Edition, dvo, 2U 

fi The Currency under the Act of 1844 ; together with Obser- 

g vations on Joint Stock Banks, and the Causes and Results of 

Commercial Convulsions. From the City Articles of ^'The 

Times." 8vo, 6b. 
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NATURAL HISTORY OF THE BRITISH ISLES. 



7%iM Series of Works is Illustrated hy many Hundred Engravings; 
every Species has been Dramm and Engraved tmier the immediate 
inspeeticn of the Authors ; the best Artists have been emphyed^ and 
no care or expense has been spared. 

A few Copies have been printed on Larger Paper, 



QUADBUPEDS, by ProfeeBor Bell. A New Edition preparing. 

BIBDS, by Mr. Yamxll. Thiid Bdildon, 3 toIs. £4 14s. 6d. 

OOLOimED ILLUSTRATIONS OF THE EGGS OF BIBDS, 
by Mr. Hbwxtson. Third Edition, 2 toIs., M 148. Qd. 

BEPTILBS» by Profeseor Bsll. Second Edition, 12s. 

FISHES, by Mr. Yarrxll. Third Edition, edited by 1^ JTohic 
BicHARDSoif , 2 Tols., nearly ready. 

CBUSTAOEA, by Profeeaor Brll. 8to, £1 5s. 

STAB-FISHES, by Profeeeor Edward Forbes. 15s. 

ZOOPHYTES, by Dr. Johvotoe. Second Edition, 2 toIb., £2 2s. 

MOLLUSCOUS ANIMALS AND THEIB SHELLS, byProfeaeor 
Edward Forbes and Mr. Haelet. 4 vols. 8to, £6 10s. Boyal 
8yo, Coloured, £13. 

F0BXS3T TREES, by Mr. Sblbt. £1 8s. 

FEBNS, by Mr. Nbwmae. Third Edition, 18s. 

FOSSIL MAMMAT/=^ AND BIBDS, by Prof. Owee. £1 Us. 6^. 



Students' Ckuss-Books. 

MANUAL OF CHEMICAL QUALITATIVE ANALYSIS. By 
A. B. NoRTHOOTE, F.C.S., and Abtbur H. Church, F.C.S. Post 
8to, lOs. Qd. 

HANDBOOK OF CHEMICAL MANIPULATION. By C. 

Greyille Williams. 158. 

ELEMENTABY COURSE OF GEOLOGY, MINEBALOGY, 
AND PHYSICAL GEOGBAPHY. By David T. Aestbd, MjL 
&c. Second Edition, 12s. 

ELEMENTABY COUBSE OF BOTANY: Structural, Physb- 
logical, and Systematic. By Arthur ELeefrey. 12s. 6d. 

MANUAL OF BBITISH BOTANY. By C. C. Babingtoe, M.A. 
Ac. Fourth Edition, lOs. M. 

GENERAL OUTLINE OF THE ORGANIZATION OF THE 
ANIMAL KINGDOM, by Professor T. Bymer Joebs. 8to, 
Second Edition, £1 lis. 6^ 
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Sunday-Book for the Young 

Tugweil's Sea-Aaemooes 

Vicar of Wakefield. lUnstr. by Mulread 
Watts's Songs, Illustrated by Cope . . . 
Ward (Dr.) on Healthy RenMntion . . . 
Ward (N. B.) on the Growth of Plants. 

White's Selbome 

WUkinson's Weeds and Wild Flowers. 
Williams' 4 Chemical Manipulation . . . 

WoUaston's Insecto Madereusia 

on Variation of Species , 

Woodward on Polarised Light , 

Tarrdl's British Binls 

British Pishes 

on the Sahnon 
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ThiB book should be returned to 
the Library on or before the last date 
stamped below. 

A fine of five cents a day is incurred 
by retaining it beyond the specified 
time. 

Please return promptly. 
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